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Welcome to 


HOW IT 
WGRKS 


BOOK OF 
THE 


HUMAN 
BODY 


The human body is truly an amazing thing. Capable of awe-inspiring feats of 
speed and agility, while being mind-blowing in complexity, our bodies are 
unmatched by any other species on Earth. In this new edition of the Book 
of the Human Body, we explore our amazing anatomy in fine detail before 
delving into the intricacies of the complex processes, functions and systems 
that keep us going. For instance, did you knowyou really have 16 senses? 
We also explain the weirdest and most wonderful bodily phenomena, from 
blushing to hiccuping, cramps to jaundice. We will tour the human body from 
skull to metatarsal, using anatomical illustrations, amazing photography 
and authoritative explanations to teach you more. This book will help you 
understand the wonder that is the human body and in no time you will begin 
to see yourselfin a whole new light! 
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DID YOU KNOW? There are 206 bones in the human body, including 28 in the skull, 32 in each arm, and 31in each leg 














Alveol 


As an adult, your lungs 
have a total surface area 
of around 50 square 
metres. That’s around a quarter of 
the size ofa tennis court! Packing 
all of that into your chest is no 
mean feat, and the body does it 
using structures called alveoli. 
They look a little bit like bunches 
of grapes, packed tightly inside the 


Understanding alveoli 


How does your body pack such a huge 
surface area inside your chest? 


lungs in order to maximise the use 
of the available volume in the 
chest. When you breathe in, they 
expand, filling with air. The 
surfaces of the alveoli are just one 
cell thick and surrounded by tiny 
blood vessels called capillaries, 
allowing gases to diffuse easily in 
and out of the blood with each 
breath you take. 





Branching 

The lungs are branched 
like trees, packing as 
many alveoli as possible 
into a small space. 
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Gas exchange 
Gases are swapped 
at the surface of the 
alveoli - they travel 
in or out of the 
capillary by diffusion. 


Red blood cells 
Blood cells move 
through the 
capillaries in single 
file, picking up oxygen 
and dropping carbon 
dioxide as they go. 


Surfactant Capillary 

Some of the pneumocytes Tiny blood 

produce a surfactant, a vessels run 

fluid similar to washing-up close to the 

liquid, which coats the walls of the 
—— alveoli. 


alveoli and stops them 
sticking together. 


Pneumocytes Fa 
The alveoli are made from e 
thin, flat cells called 


pneumocytes, minimising 
the distance that gases 
have to travel. 








Brain ~~ 


The brain is not 
just the most 
complex A 


P 


| 
\ 





structure in the 

human body, 

but itis also the 

most complex 

object in the 

known universe. It 
contains an estimated 86 
billion nerve cells, each of 
which makes hundreds, or 
even thousands of 
connections to the others 
around it. 
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Alveolus 
Each individual air sac 
in the lungs is known 
as an alveolus. 


Cornea 


(oy @ eters 
is the 
~ protective coating that 
keeps your eye free of 
dust and debris. It looks 
clear but is actually 
made up of several 
layers of cells. Light bends 
slightly as it passes through 
the cornea, helping to focus 
incoming rays on the back of your eye. 
It is, in fact, possible to donate corneas for 
mq batsjo)e-Delomals)he)berom com acrine)acmistsy(eyomnomercreye)(smnieiael 
corneal damage. 
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DNA 


Perhaps the most important 

single structure inside your body 

is your DNA. Present in almost 
every cell (red blood cells get rid of theirs), 
it carries the genetic recipes needed to 
build, grow, repair and maintain you. 
These recipes are written in combinations 
of four-letter code (ACTG), and in humans 
are 3 billion letters long. 


Fat 


You have two main types of fat: 

brown and white. Brown fat 

burns calories to keep you warm, 
while white fat stores energy and 
produces hormones. Children have more 
brown fat than adults, and it’s mainly 
found in the neck and shoulders, around 
the organs, and along the spinal cord. 


This scan shows, 


al 


the distributior 


brown fat aroun 
the head, shoulde 
heart and spine 
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Enzymes are often 
called ‘biological 
catalysts’, and their 





& ; jobis to speed up chemical 


reactions. You are full of 
dissolved chemicals with the 
potential to come together or 
break apart to form the 
biological building blocks that 
you need to stay alive, but the 
reactions happen too slowly 
on their own. 

Enzymes are molecules 
with ‘active sites’ that lock on 
to other molecules, bringing 
them close together so that 
they can react, or bending 


Enzymes 





their structures so that they molecules, tidying up when 


can combine or break apart molecules are no longer 
more easily. The enzymes needed, and even destroying 
themselves do not actually invading pathogens. 


get involved in the reactions; 
they just help them to 
happen faster. 

Some of the most well- 
known enzymes are the ones 
in your digestive system. 
These are important for 
breaking down the molecules 
in your food. However, these 
aren't the only enzymes in 
your body. There are others 
responsible for building 
molecules, snipping 





This enzyme brings two 
molecules close together 
so that they can react 





Digestive enzymes 


. These microscopic molecules break your 
Nig food down into absorbable chunks 
Substrate 


The substrate is the 
specific molecule that Se 


—> 
the enzyme is 
Stress 


breaking down. , ; 
The enzyme puts stress 


Complex on the links holding the 
The enzyme and the substrate together. 
substrate join together 

to form a complex. 








Amylase 

Sucrase-lsomaltase 
— = : ae Maltase 
| Lactase 


Carbohydrases Fi 


Enzymes like amylase 
break down 
carbohydrates into 
simple sugars. 


Carbohydrates 





This stress causes the 
substrate to break apart. 
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Proteins 


Fats 








Proteases _ 


Enzymes like pepsin 
break down proteins 
into amino acids. 


Lipases 

Lipase breaks fats and 
oils into fatty acids 
and triglycerides. 


RAY, 


Lipase 


DID YOU KNOW? The smallest bone in your body is the stapes, which Is found in the ear and helps to transmit sound 


Glands 


These structures are 
responsible for producing and 
releasing fluids, enzymes 
and hormones into your body. 
There are two major types: 
endocrine and exocrine. 
Exocrine glands produce 
substances like sweat, 
saliva and mucus, and 
release these through ducts 
onto the skin or surfaces of 
other organs. Endocrine 
glands produce hormones, 
which are released into the 
blood to send chemical 
signals across the body. 


The pancreas has both 
endocrine glands (blue 
clusters) and exocrine 
glands (green branches) 


Joints 


WM elcyace-bacmetleacmmer-BemXelen oleyal-oweema els 

Jalbbank-bou olerohar-belomnement-Nccmiolemesleni(= 

in all the right places, they are linked 
together by different types of joints. 

In your hips and shoulders, you've got ball 
and socket joints, which allow the widest 
range of movement. They allow movement 
forwards, backwards, side-to-side and 
ebaeleslemeeme sae (17 

At the knees and elbows, you have hinge 
joints, which open and close just like a door. 
And inyour wrists and ankles, there are 
reAbCobbatemfeyeolespmn ised lelelr-00 Conia elcmeye) elcromrenit=>.4 
Joyctsimeyelcw-baXelaelcvemsemielepamelopeslommaelsvacmicr-! 
saddle joint that enables a side-to-side and 
(oh of-ya bred lorcrem sete la lover 

Cartilage covers the ends of the bones at 
many joints, helping to prevent the surfaces 
from rubbing together, and cushioning the 
impact as you move. Many joints are also 
contained within a fluid-filled capsule, which 
provides lubrication to keep things moving 
smoothly. These are called synovial joints. 


“There are more: 
than 200 bones in 
the human body” 


As we age, the rb 
thickness and eolour 
of our hair changes 


Hair 


You have around 5 million hair follicles 
and, surprisingly, only around 100,000 


of those are on your scalp. The others 
are spread across your body - on your skin, 
lining your eyelids, and inside your nose and 
ears. Hair has many functions, helping to keep 
you warm, trapping dirt and debris, and even 
(in the case of eyebrows) diverting sweat and 
rainwater away from your eyes. 


Intestines 


After exiting your stomach, food enters 

your intestines and begins a 7.5-metre 

journey out of your body. The small 
intestine comes first, and is filled with digestive 
enzymes that get to work breaking down and 
absorbing the molecules from your meal. After 
this, the large intestine absorbs as much water 
as possible before the waste is passed out. 


| zg Seve al metres of intestines are’. 
Jacked into your abdomer 


Yo) aatow ole)alstoiel ame lsyave 


Types of joints \ E a Immovable 


Each type of joint in your 
body allows for a different 
eslale(=meymance-lanicvals 


Pivot 

These joints are adapted 
iko)mudeldaliale pu eleimmual=\/aele 
not allow much side-to- 
J(o(=Me) ance) a\f-] aekswr-lale| 
backwards movement. 





Hinge 

The knees and elbows 
can move forwards 
and backwards, but 
not side to side. 


ei iTellare) 

‘Cl ifellarem (e)iaiecerelasmielelare| 
between flat bones, 
eYare] 9) | [ale mualslanmeems)i(e (= 
eye ime) aiow-)alelualcie 


together to form joints 

that don’t actually move, 
=aincluding the bones that 
ae! | make up the skull. 


yell elare. 
socket 

These joints allow 
the widest range 
of movement. The 
Yale Me) me)al=w ele) sous) 
shaped like a ball, 
and rotates inside 
rlalelualslare| os 
shaped bone. 


Saddle 


Ai avemeya) \vast-le (el (me) ales 
Tamtatsmaleloatclameleyenys 
are in the thumbs. 

They allow forwards, 

backwards and 
sideways motion, but 
ola) WWallaalinciem qe)m-lalelan 


Ellipsoidal 

These joints, such as at the 
base of your index finger, 

Fe) Ione aN'r-]aemr-lale 
backwards movement, and 
some side-to-side, but they 
don’t rotate. 
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Kidneys 


Your kidneys keep your 
blood clean and your body 
properly hydrated. Blood 
passes in through knots of blood 
vessels that are wider on the way in 
and narrower on the way out. This 
creates an area of high pressure 
that forces water and waste out 
through gaps in the vessel walls. 
Blood cells and proteins remain in 
the bloodstream. Each kidney has 
around a million of these miniature 
filtering systems, called nephrons, 
cleaning the blood every time it 
passes through. 

The fluid then tracks through 
bendy tubes (known as convoluted 
tubules), where important minerals 
are collected and returned to the 
blood. Excess water and waste 
products are sent on to the bladder 
as urine to be excreted. Depending 
on how much salt and water are in 
your body, your kidneys adjust the 
amount of fluid that they get rid of, 
helping to keep your hydration 
levels stable. 


“Your kidneys 
keep your bicod 
clean and your 
body hydrated” 





Lymphatic 
system 


Everyone knows about the 
circulatory system that 
transports blood around the 
body, but there is a second network 
of tubes and vessels that is often 
forgotten. The lymphatic system 
collects fluid from the tissues, and 
returns it to the blood via veins in | 
the chest. It is also used by the 
immune system to monitor 
and fight infection. 





The lymphatic system is studded 
with lymph nodes, used as 
outposts by the immune system 
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The kidneys 


These simple-looking organs are packed with 
microscopic filtration machinery 


































Renal medulla 
The inner part of the 
kidney is responsible 
for collecting the 
urine and then 
sending it out 
towards the bladder. 


Renal vein 

After it has been filtered, 
clean blood leaves the kidney 
through the renal vein. 


Ureter SY | 


Urine produced by the | 
kidneys travels to the 
bladder for storage. 


Adrenal gland 

On top of each kidney is an 
endocrine gland that produces 
hormones, including adrenaline. 









Renal cortex 
Blood is filtered in 
the outer part of 
the kidney. 


Renal pyramid 

These structures 

transport urine towards 
the ureter, where it 
leaves the kidneys. 


Renal artery 
Blood enters the kidney 
through the renal artery. 








irikeyeplelatelah: 


raw materials into energy. There are 
hundreds in every cell, and they usea 
complex chain of proteins that 









We know that our bodies need oxygen and 
nutrients to survive, and mitochondria 
are the powerhouses that turn these 
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DID YOU KNOW? If you could spread your brain out flat, it would be the size of a pillowcase 





Nervous system 


This is your body’s electrical reaction. They bypass the brain, which 

wiring, transmitting signals from allows them to happen at super speed. 

your head to your toes and The peripheral nervous system is the 
everywhere in between. The nervous network of nerves that feed the rest of your 
system can be split into two main parts: loXolehiArsbele Mime bomol-waebamel-ymoehratelctombelnomanie 
central and peripheral. parts: somatic and autonomic. The somatic 

The central nervous system is the brain nervous system looks after everything that 

and spinal cord, and makes up the control you consciously feel and move, like 
centre of your body. While the brain is in clenching your leg muscles and sensing 
charge of the vast majority of signals, the pain if you step on a nail. The autonomic 
spinal cord can take care of some things on system takes care of the things that go onin 
its own. These are known as ‘spinal reflexes’, the background, like keeping your heart 
and include responses like the knee-jerk beating and your stomach churning. 


sometimes 

knownas the 

‘food pipe’, 
this stretchy muscular 
tube links your mouth 
to your stomach. When 
you swallow, circular 
muscles contract to 
push food into your 
digestive tract, starting 
at the top and moving 
down in waves. 


Oesophagus 


Pancreas 


This leaf-shaped organ plays two 

vital roles in digestion. It produces 

enzymes that break down food in 
the small intestine, and it makes the 
hormones insulin and glucagon, which 
regulate the levels of sugar in the blood. 


Your nerve network # Brain 


The nervous system sends electrical The brainstem controls 


messages all over your body breathing, The cerebellum 


coordinates movement, and 
the cerebrum is responsible 
1Ke) au al(elat=)a@uielaeiile) aise 
Thoracic nerves 
There are 12 pairs of 
thoracic nerves, 11 of 
which lie between the ribs. Pt =~" ’ 
They carry signals to the . al ‘ ig | Spinal fore) xa 
chest and abdomen. | ie ok ii avews))[ar-] exe) ce mle 
the brain to the rest of 
1 ate olele\VAmietete| [ale 
messages backwards 
and forwards via 
branching nerves. 


Ulnar nerve 
These nerves run 
over the outside of 
the elbow, and are 
responsible for 
1uat-lemele(e mal lalany, 
bone’ feeling. 


WV (evelrelamalclarcss 
Lumbar nerves This is one of the 


There are five pairs of ' | major nerves of 

[Ulanleyel al alslavccxcreciel ©) e)hYalare) 1a a\ire]agaParelalemalalss 

the leg muscles. all the way down 
vom datum ar-lalep 


Sacral nerves 
There are five pairs of YM] Nit oe 
sacral nerves, nl | val Sciatic nerves 


supplying the ankles, These are the longest 


FISMNAV(e) | We kom (ole) d1ale 
Pe] R=) amo) fale(e(=arelale| 
bowel function. 


spinal nerves in the 
oxoye \WAMAVidame)a(emaelalaliaye 
down each leg. 


Quadriceps 


There aren't many body parts that 

begin with the letter Q, but this bundle 

of four muscles in the upper leg is an 
important one. The quadriceps femoris connect 
the pelvis and thigh to the knee and shinbone, 
and are used to straighten the leg. 
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Ribcage 


This internal armour protects 
your heart and lungs, and 
performs a vital role in keeping 
your body supplied with oxygen. In total, 
the ribcage is made from 

7 











24 curved bones, which 
connect in pairs to the 
thoracic vertebrae of the 
spine at the back. 

Seven of these pairs 
are called true ribs, and 
are linked at the front to 
a wide, flat bone called 
the sternum (or 





breastbone). The L zi 

next three pairs, © ‘ . Ski in 

known as false m 

ribs, connect to Your skin is the largest 
the sternum organ in your body. It is 
indirectly, and ww made up of three 

the final two Not everyone has (Haman distinct layers: the epidermis on 
don’t link up at all, number of ribs, as the outside, the dermis 

and are knownas sometimes the floating beneath, and the hypodermis 
floating ribs. OS eee right at the bottom. 


The epidermis is waterproof, 
and is made up of overlapping 
layers of flattened cells. These 
are constantly being replaced 
by a layer of stem cells that sit 





Each papilla can have 
hundreds of taste buds, 
but some don’t have any 








Microvilli 


Taste pore 
A Keyare [ers 





Papilla 


Tongue 


The tongue is a powerful 
muscle with several important 
functions. It is vital for 


Taste bud 


chewing, swallowing, speech and 
even keeping your mouth clean, but its 
most well-known job is to taste. 
sWatcmo)beccyorsmeyemmel=nnevercae(ce-Bacwelelm-Uel 
taste buds; they are known as papillae, 
and there are four different types. At 
the very back of the tongue are the 
vallate papillae, each containing 
around 250 taste buds. At the sides are 
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the foliate papillae, with around 1,000 
taste buds each. And at the tip are the 
fungiform (mushroom-shaped) 
papillae, with a whopping 1,600 taste 
buds each. 

The rest of the bumps, covering most 
of the tongue, are known as filiform 
papillae, and do not have any taste 
buds at all. 








a 


The umbilical cord is 
usually cut at birth, 
separating the baby 
from the placenta 





just beneath. The epidermis 
also contains melanocytes, 
which produce the colour 
pigment melanin. 

The dermis contains hair 
follicles, glands, nerves and 
blood vessels. It nourishes the 
top layer of skin, and produces 
sweat and sebum. Under this is 
a layer of supporting tissue 
called the hypodermis, which 
contains storage space for fat. 


Umbilical cord 


This spongy structure is packed with blood vessels, 
and connects a developing baby to its placenta. The 
placenta attaches to the wall of the mother’s uterus, 
tapping into her blood supply to extract oxygen and 
nutrients. After birth, the cord dries up and falls away, 
leaving a scar called the belly button. 


— 





DID YOU KNOW? Every second, your bone marrow produces more than e million new red blood cells 





Vocal 
cords 


The vocal cords are 

jo) Coksmeywmeatevenloyecbels 

found in the larynx, 
(0) at(0) (Kom OL0). mM Walcavaer- bam el= 
used to change the flow of air 
out of the lungs, allowing us 
to speak and sing. As air 
passes through the gap 
between the folds, they 
ale) e-ikoym op aeloneleparcacrelonacen 


AsV at=vammmalsmcelers] mere) qe [ow-] «ome (ek-1-10 8 
pressure builds and they vibrate 







White blood cells 


These specialist cells make up your 
own personal army, tasked with 
defending your body from attack and 
disease. There are several different types, 
each with a unique role to play in keeping 
your body free of infection. 
The first line of defence is called the innate 


immune system. These cells are the first ones 
on the scene, and they work to contain 


Your immune army 


Meet some of the cells that fight to 
keep you free from infection 


infections by swallowing and digesting 
bacteria, as well as killing cells that have 
been infected with viruses. 

Ifthe innate immune system can’t keep the 
infection at bay, then they callin the second 
layer of defence - the adaptive immune 
system. These cells mount a stronger and 
more specific attack, and can even remember 
which pathogens they’ve fought before. 


Basophils 

The chemicals that are 
produced by these cells help 
to increase blood flow to 
tissues, causing inflammation. 


Eosinophils 
These cells contain 
granules full of 
chemicals that can be 
used as a weapon 


Monocytes 

When these cells arrive in your tissues, they 
turn into macrophages, or ‘big eaters’, 
responsible for swallowing infections and 
cleaning up dead cells. 


Lymphocytes 
These are the 
specialists of the 
adaptive immune 
system. Each individual 
cell targets a different 
enemy, delivering a 
deadly attack. 


against pathogens. 


1 er 
1, eth 


Neutrophils 

These cells are your first 
line of defence against 
attack. They are present in 
large numbers in the blood. 





Xiphoid 
process 









This is the 
technical 
term used for 
the little lump that 
can be found at the 
bottom of your 
sternum, or 
breastbone. Medical 
professionals use the 
xiphoid process asa 
landmark in order to 
find the right place for 
chest compressions 
during CPR. 


Yellow 
marrow 


There are two main 
arg okersee) a oxeyels 
marrow: yellow and 
red. Red marrowis 
responsible for producing new 
blood cells, while yellow 
marrow contains mainly fat. 
Red marrow gradually 
changes into yellow marrow 
as you get older. 













Yellow marrow is 
raatelialAacele late Mi amaar= 
Koy atom oXe)al=some)i 

the arms and legs 


© Thinkstock 


Zygomaticus 
major 


This is one 
of the key 
muscles 
responsible for your 
smile, joining the 
corner of the mouth 
to the cheekbone, 
and pulling your 
lips up and out. 
Depending on your 
anatomy, itis also | ) 
the muscle SS a 
responsible for . | 
cheek dimples. > gw 








066 || 
The 

urinary 
system 
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50 amazing body facts 
rom head to toe 


Human cells 
How are they structured? 


Inside a nucleus 


Dissecting a cell’s control centre 


What are stem cells? 
Building block bring new life 


The human brain 


About our most complex organ 


The science of vision 
Inside the eye 


How ears work 
Sound and balance explained 


Anatomy of the neck 
Impressive anatomical design 


The human skeleton 
A bounty of boney facts 


The skull 
Supporting our brain 


Vocal cords 
See how they help us talk 


The human spine 
33 vertebrae explained 


How the body moves 
The types of joints explained 


How muscles work 
Muscle power revealed 


Skin senses 
Pickng up signals 


Skin colour / Skin grafts 
Skin facts explained 


The human heartbeat 
What keeps us going strong? 


Anatomy of facial expressions 
Why do we smile? 


The spleen 
Keeping us healthy 


Human kidneys 
How do your kidneys function? 


How the liver works 
The ultimate multitasker 


The small intestine 
How does this organ work? 


The human ribcage 
The function of the ribs 


How the pancreas works 
The body's digestive workhorse 





The urinary system 
How we process waste 


Inside the human stomach 
How does this organ digest food? 


The human hand 
Our most versatile body part 


How your feet work 
Feet facts and stats 


ae the human 

O 

aaa technology cure us? 
023 


Insidea 
nucleus 


074 
Hacking the 
human body 


in t— 
} £ a 


Cell 
Sealtagib cs 
explained 


+. 


b60 


Inside 
the small 
intestine 


© Dreamstime; Science Photo Library; Alamy 
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HUMAN ANATOMY 










Amazing facts 
about the 
human 
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SW elsicce-tacw (oleseymentsronlerst| 
questions everybody wants 
to ask but we just never 

get the chance... until now! 


Jalew ehobestsbeMmexelohvatcnuelsmeatelsimee)eeye)(=>.4 
organism we know and if humans 
tried to build one artificially, we’d 

fail abysmally. There’s more we don’t 

Ka atey/ivacloyeloimaeXcm olelehvanet-bemnucnelen estonia 

WM obtspnotel loco (arcpect-benmeymmelsmenepeacece-belel 

seemingly useless traits that our 

species carry. However, not all of 

these traits are as bizarre as they 

may seem, and many have an 


evolutionary tale behind them. 
Asking these questions is only 
natural but most of us are too 
embarrassed or never get the 
opportunity -so here’sa 
chance to clear up all those 
niggling queries. We'll takea 
head-to-toe tour of the 
obbbacesneymeloncet-bemeyle)eycara 


looking at everything =, 
from tongue rolling and es 
why weare ticklish ) —  - yes 
through to pulled a ne 
muscles J 

and why CY y, (AEE 
exe bacysbeee ee ns iA | 


iS) 


How do 
we think? 


What are thoughts? This question will 
keep scientists, doctors and 
philosophers busy for decades to 
come. It all depends how you want to 
define the term ‘thoughts’. Scientists 
may talk about synapse formation, 
pattern recognition and cerebral 
activation in response to a stimulus 
(seeing an apple and recognising it). 
Philosophers, and also many 
scientists, will argue that a network of 
neurons cannot possibly explain the 
many thousands of thoughts and 
emotions that we must deal with. A 
sports doctor might state that when 
you choose to run, you activate a series 
of well-trodden pathways that lead 
from your brain to your muscles in less 
than just a second. 

There are some specifics we do 
know though - such as which areas of 
your brain are responsible for various 
types of thoughts and decisions. 





In the 
mornings, 
do we wake up 
or open our 

eyes first? 


Sleep is a gift from nature, which is 
more complex than you think. There 
are five stages of sleep which represent 
the increasing depths of sleep - when 
you're suddenly wide awake and your 
eyes spring open, it’s often a natural 
awakening and you're coming out of 
rapid eye movement (REM) sleep; you 
may well remember your dreams. If 
you're coming out of a different phase, 
eg when your alarm clock goes off, it 
will take longer and you might not 
want to open your eyes straight away! 


Pre-motor cortex 

The pre-motor cortex is where 
some of your movements are 
co-ordinated. 


Frontal lobe 

The frontal lobe is where your 
personality is, and where your 
thoughts and emotions form. 

Removing this or damaging it can af 
alter your persona. 











Broca’s 
area 

Broca’s area is 
where you form 
complex words 
and speech 
patterns. 


Temporal lobe 
The temporal lobe 
decides what to do with 
sound information and 
also combines it with 
visual data. 





Wernicke’s area 


Why can 

some people 
roll their 
tongues but 
others can’t? 


Although we're often taught in school that 
tongue rolling is due to genes, the truth is 
likely to be more complex. There is likely 
to be an overlap of genetic factors and 
environmental influence. Studies on 
families and twins have shown that it 
simply cannot be a case of just genetic 





me 
— —,_ 
hy 
*, “ty +, i 


Py YY S 
Do eyeballs 
grow like the 

rest of the body? 


Ay RSINET ALORA | peiacan ies noaoeaaiete 
this is actually why that . at ee some people it’s = 
babies appear to be SO environmental (ie a learned behaviour) 
be autiful, as their eyes rather than genetic (inborn). 

are out of proportion 

and so appear bigger. 


Why do we fiddle 
subconsciously? 
I’m constantly 
playing with my hair 
This is a behavioural response - te 
Toyaatemelereje)(emeltenvansisommelsyemerstee 


when they're nervous or bored. For 
the vast majority of people such 
traits are perfectly normal. Ifthey 
begin to interfere with your life, 
behavioural psychologists can help 
— but it’s extremely rare that you'll 
end up there. 








Wernicke’s area is where you interpret 
the language you hear, and then you 
will form a response via Broca’s area. 


Primary motor cortex 


The primary motor cortex and the primary 
somatosensory cortex are the areas which 
receive sensory innervations and then 
co-ordinate your whole range of movements. 


Parietal lobe 


The parietal lobe is responsible for 


your complex sensory system. 


Primary auditory 
complex 

The primary auditory 
complex is right next to 
the ear and is where you 
interpret sound waves 
into meaningful 
information. 


Occipital lobe 
The occipital lobe is all 
the way at the back, but 
it interprets the light 
signals in your eyes into 
shapes and patterns. 


What Is 
a pulse? 


When you feel your 
own pulse, you're 
actually feeling the 
direct transmission 
of your heartbeat 
down your artery. 
You can only feela 
pulse where you 
can compress an 
artery against a 
bone, eg the radial 
arteryat the wrist. 
The carotid artery 
can be felt against 
the vertebral body, 
but beware, if press 
too hard and you 
can actually faint, 
press both at the 
same time and 
you'll cut off the 
blood to your brain 
and,as a protective 
mechanism, you'll 
definitely faint! 
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2D field 

The areas from 120 to 180 
degrees are seen as 2D as 
only one eye contributes, but 
we don’t really notice. ¥ 


fe 
ee 
ee 
. 
*bey 
fe, e 
. 
ee 
. 
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3D field ———————> : 
The central 120-degree Yy 
portion is the 3D part of 
our vision as both eyes 
contribute - this is the part 
we use the most. ( 


What Is 
the point 
of tonsils? 


The tonsils are collections 
of lymphatic tissues which 
are thought to help fight off 
pathogens from the upper 
respiratory tract. However, 
the tonsils themselves can 
sometimes even become 
infected - leading to 
tonsillitis. The ones you 
can see at the back of your 
throat are just part of the 
ring of tonsils. You won't 
miss them if they're taken 
out for recurrent infections 
as the rest of your immune 
system will compensate. 





Ph a ee aes ., 
ba lh ees | 


| e . fe tt dle pple 





1 Why does it feel so weird when 
you hit your funny bone? 


You're actually hitting the ulnar nerve as it wraps around the 
bony prominence of the ‘humerus’ bone, leading to a ‘funny’ 
sensation. Although not so funny as the brain interprets this 
sudden trauma as pain to your forearm and fingers! 





20 








: 4. The inferior 
: vena Cava 
: This massive vein sits 


: wouldn't get back 


What’s my 
field of vision 
In degrees? 


The human field of vision is just about 180 
degrees. The central portion of this 
(approximately 120 degrees) is binocular or 
stereoscopic -—ie both eyes contribute, 
allowing depth perception so that we can 
see in 3D. The peripheral edges are 
monocular, meaning that there is no 
overlap from the other eye so we see in 2D. 


© Matt Willman 
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11 How fast does 


blood travel round 


_the human body? 


: Your total ‘circulating volume’ is about five litres. Each 

: red blood cell within this has to go from your heart, 

: downthe motorway-like arteries, through the 
back-road capillary system, and then back through the 
: rush-hour veins to get back to your heart. The process 

: typically takes about a minute. When you're inarush 

: and your heart rate shoots up, the time reduces as the 

: blood diverts from the less-important structures (eg 

: large bowel) to the more essential (eg muscles). 


: 1. The most 

: Important organ 
The brain has its own 
: special blood supply 
: arranged in a circle. 





2. Under pressure 
Blood is moving fastest 

¢ and under the highest 
"| Be P pressure as it leaves the 
{ heart and enters the 

elastic aorta. 


: behind the aorta but is 5. The 
: no poor relation - furthest point 
: without it, blood These arteries and 


veins are the furthest 


to your heart. away from your 
: heart, and blood flow 
here is slow. As you 
3. The kidneys grow older, these 
: These demand a massive vessels are often the 
: 25 per cent of the blood first to get blocked by 
: from each heart beat! fatty plaques. 


Why do 
we burp? 


' Aburp is the bodies 

. way of releasing gas 

- naturally from your 

- stomach. This gas has 
either been swallowed 
' oris the result of 

- something that you 

- have ingested - such 

- aSasparkling drink. 

- The sound is 

: vibrations which are 

- taking place in the 

- oesophageal 

' sphincter, the 

- Narrowest part of the 

' gastrointestinal tract. 





13 How many 
inches of 


hair does the 

average person 

—_= rom their 
ead each year? 


It’s different for everybody - your 
age, nutrition, health status, genes 
and gender all play a role. In terms 
of length, anywhere between 
0.5-1inch (1.2-2.5cm) a month 
might tends to be considered 
average,but don’t be surprised if 
you're outside this range. 








© Frettie 


Why are 

everyone’s 
fingerprints 
different? 


Your fingerprints are fine ridges of 
skin in the tips of your fingers and 
toes. They are useful for improving 


2? WHY DO MEN 

HAVE NIPPLES? 
Men and women are built from 
thesame template, and these 
are just a remnant ofa man’s 
early development. 


2? WHAT’S THE 
POINT OF 





the detection of small vibrations % EYEBROWS? 
and to add friction for better grip. Se Biologically, eyebrows can 
No two fingerprints are the same help to keep sweat and 
— either on your hands or between Why do Wwe a ll rainwater from falling into 
two people - and that’s down to have d iffe rent your eyes. More importantlyin 
your unique set of genes. colou red h air? humans, they are key aids to 
a " non-verbal communication. 
Most of it is down to the genes that result 
Why do from when your parents come together to 2? WHAT ISA 
make you. Some hair colours win out BELLY BUTTON? 
we on ly (typically the dark ones) whereas some (eg The umbilicusiswherea 
ir em em bb er blonde) are less strong in the genetic race. loY-leytache) (elelobdoncanatcolersd ance) 
get to the placenta to exchange 
some d ream s? Is it possible to onyeen a nan with - 
mother’s blood. Once out, the 
Dreams have fascinated humans keep your eyes 9 umbilical cordis clamped 
for thousands of years. Some open when you sneeze: 


several centimetres away from 





people think they are harmless Your eyes remain shut asa the baby and left to fall off. No 
while others think they are vital to defence mechanism to prevent one quite knows whyyou'll get 
, our emotional wellbeing. Most the spray and nasal bacteria — aninnie’ oran‘outie’ <its 
E people have four to eight dreams entering and infecting your probably all just luck. 
Z per night which are influenced by eyes. The urban myth that 
stress, anxiety and desires, but your eyes will pop out ifyou 2? WHY IS IT THAT 
they remember very few of them. keep them openisunlikely (@igiae FINGERNAILS 
There is research to prove that if to happen - but keeping _ GROW MUCH FASTER 
you awake from the rapid eye them shut will provide ae THAN TOENAILS? 
movement (REM) part of your sleep some protection against ' 
cycle, you're likely to remember nasty bugs and viruses. 





your dreams more clearly. 


: - J | 


Why, as we 

ppt, 
does hair growth 
become so erratic? 


Hair follicles in different parts of your 
body are actually programmed by your 
genes to do different things, eg the 
follicles on your arm produce hair much 


+ = ar 
slower than those on your head. Men = 
can go bald due to a combination of 
genes and hormonal changes, which t ; 


may not happen in other areas (eg nasal > 
hair).It’s different for everybody! 3 





The longer the bone at the end 
ofa digit, the faster the growth 
rate of the nail. However there 
are many other influences too 
—nutrition, sun exposure, 
activity, blood supply-and 
that’s just to namea few. 





> A WHY DOES My 
ARM TINGLE 

. AND FEEL HEAVY IF I 

What givesme gorge 


- 95 This happens because you're 
my pe rso nality 7 compressing a nerve as you're 
lying onyourarm. Thereare 
several nerves supplying the 
skin ofyourarm and three 
supplying your hand (the 
radial, median and ulnar 
nerves), so depending on 
which part ofyour arm you lie 
oMAolepeslidelmutersd(cplemvelele 
forearm, hand or fingers. 


Researchers have spent their whole lives trying to 
answer this one. Your personality forms in the front 
lobes of your brain, and there are clear personality 
types. Most of it is your environment - that is, your 
upbringing, education, surroundings. However some 
of it is genetic, although it’s unclear how much. The 
strongest research in this comes from studying twins 
-what influences one set of twins to grow up and be 
best friends, yet in another pair, one might become a 
professor and the other a murderer. 
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What ts a pulled 
muscle? 


What makes some blood 
groups incompatible while 
others are universal? 


Your blood type is determined by protein markers known as antigens on the surface of your 
red blood cells. You can have A antigens, B antigens, or none -in which case you're blood type 





The hamstrings Strain 


: : : . : ; These are a group of . 
O. However, if you don’t have the antigen, your antibodies will attack foreign blood. Ifyou're three manimnedias ), Apulled muscle, or 
type Aand youre given B, your antibodies attack the B antigens. However, ifyou’re blood type 


which flex the see | 
’ of muscle fibres as a 


result of ‘pla 






AB, you can safely receive any type. Those who are blood group O have no antigens so can give 
blood to anyone, but they have antibodies to Aand B so can only receive O back! 


A 


it | "E strain, is a tear in a group 
| IL] i 
ii} 


groups Aand 0, but can’t receive B. 


* me" 4 : a 
- _ 2 # 
#? + . = 
onl. Mo . 
ri e. 


“$, i ae You have Aantigens and B 
~ be: tibodies. Y bioad 
nee wer Y <— antibodies. Youcan receive bloo 


You can donate to Aand AB. 


B 


You have B antigens and A 
<q— antibodies. Youcan receive blood 
groups Band O, but can’t receive 


A. You can donate to Band AB. 
AB 


“ } ao 3 You have Aand B antigens and no 
 ™ i) e* antibodies. You can receive blood 
. ‘ ‘ ; groupsA, B, ABand O (universal 


recipient), and can donate to AB. 


O 


You have no antigens but haveA and B 
antibodies. You can receive blood group 
O, but can’t receive A, Bor ABandcan 
donate to all: A, B, ABand O. 





2 What ts the 
appendix? I’ve 

heard it has no use 

but can kill you... 


The appendix is useful in cows for 
digesting grass and koala bears for 
digesting eucalyptus — koalas can have 
a 4m (13ft)-long appendix! In humans, 
however, the appendix has no useful 
function and is actually aremnant of 
our development. It typically measures 
5-10cm (1.9-3.9in), but if it gets blocked it 
can get inflamed. Ifit isn’t quickly 
removed, the appendix can burst and 
lead to widespread infection which can 


What 
is the 








2? Which 
organ 

uses up the 

most oxygen? 





The heart is the most | 4 ~sa, 
efficient — it extracts ‘gag refi Cx: | 
80 per cent of the nF - ” 
oreign bodies 
OXY gen from blood. This is a protective mechanism to prevent —_————> 
But the liver gets the food or foreign bodies entering the back of 
most blood = 40 p er the throat at times other than swallowing. 
cent of the cardiac 
output compared to = me eattie hy part of th 
. ° e soft palate (the fleshy part of the 
the kidneys, which mouth roof) is pHaeareee sending signals 
eT 2, er Cent, an down the glossopharyngeal nerve. 
get25p t, and 
heart, which only 
receives 5 per cent. 
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Though warming up can help prevent 
sprains, they can happen to anyone, 
from walkers to marathon runners. 
Pulled muscles are treated with RICE: 
rest, ice, compression and elevation 


Why does 
retere) 0) (24-4 

» skin turn yellow 

» if they contract 
| liver isease? 


This yellow discolouration of the skin 
or the whites of the eyes is called 
jaundice. It is actually due to a buildup 
of bilirubin within your body, when 
normally this is excreted in the urine 
(hence why urine has a yellow tint). 
Diseases such as hepatitis and 
gallstones can lead to a buildup of 
bilirubin due to altered physiological 
processes, but there are other causes. 









3. Vagus nerve 
The vagus nerve is stimulated, 
leading to forceful contraction 

of the stomach and diaphragm 
to expel the object forwards. 


4. The gag 

This forceful expulsion 
leads to ‘gagging’, which 
can develop into retching 
and vomiting. 





. | , . «= =a 


Why are we 
ticklish? 


Light touches, by feathers, spiders, insects or other 
humans, can stimulate fine nerve-endings in the skin 
which send impulses to the somatosensory cortex in 
the brain. Certain areas are more ticklish - suchas the 
feet - which may indicate that it is a defence 
mechanism against unexpected predators. It is the 
unexpected nature of this stimulus that means you can 
be tickled. Although you can give yourself goosebumps 
through light tickling, you can’t make yourself laugh. 
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7 
Why don’t eyelashes 
keep growing? 
Your eyelashes are formed from hair follicles, just like those on your 
head, arms and body. Each follicle is genetically programmed to 
function differently. Your eyelashes are programmed to grow to a 


certain length and even re-grow if they fall out, but they won't grow 
beyond a certain length, which is handy for seeing! 


©shlomit g 





Could 
“we 
survive on 
vitamins 
alone? 


What 
makes us 
left-handed? 


One side of the brain is more 
dominant over the other. Since 


each hemisphere of the brain No, your body needs 

controls the opposite side of a diet balanced with 

your body, meaning the left . . . 

controls the right side of your vitamins, protein, 

body. This is why right-handed minerals 

people have stronger left brain carbohydrates, and 

hemispheres. However you can fat to survive. You 

find an ambidextrous person, P 

where hemispheres are can't cut one of these 

co-dominant, and these people and expect your 

are equally capable with both body to stay healthy. 
of these which keep 
us healthy and fit. 
You can get these 
from the five major 
food groups. Food 
charts can help with 


’ this balancing act. 





Why do we geta 
high temperature 
when we’re ill? 


The immune response leads to inflammation and the release of 
inflammatory factors into your bloodstream. These lead toan increased 
heart rate and blood flow, which increases your core body temperature 
— as if your body is doing exercise. This can lead to increased heat 
production and thus dehydration; for this reason, it’s important to 
drink plenty of clear fluids when you're feeling unwell. 


36 ih ae 
SOME PEOPLE 
HAVE FRECKLES? 


Freckles are concentrations 
of the dark skin pigment 
melanin in the skin. They 
typically occur on the face 
Valens) elelello(svesmr-Dalem-lacpesleyacs 
common in light-skinned 
people. They arealsoa 
well-recognised genetic trait 
EValemelsrnevantspeeleycsnecoeaviercvals 
during sun-exposure. 
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3/ WHAT IS 

A WART? 

Warts are small, rough, 
round growths ofthe skin 
caused by the human 
papillomavirus. There are 
different types which can 
occur in different parts of the 
body, and they can be 
contagious. They commonly 
occur on the hands, but can 
also come up anywhere from 
the genitals to the feet! 


3 ih aed 
TWITCH IN 
MY SLEEP? 
This is known in the medical 
world asa myoclonic twitch. 
Although some researchers 
say these twitches are 
associated with stress or 
caffeine use, they are likely 
to be a natural part of the 
sleep process. Ifit happens to 
you, it’s perfectly normal. 
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1. Atrial systole 
The atria are the 
low-pressure upper 
chambers, and are the 
first to contract, emptying 


blood into the ventricles. supply the body. 


Why do bruises go 
purple or yellow: 


A bruise forms when capillaries under the skin leak and allow 
blood to settle in the surrounding tissues. The haemoglobin in 
red blood cells is broken down, and these by-products give a 
dark yellow, brown or purple discolouration depending on the 
volume of blood and colour of the overlying skin. Despite 
popular belief, you cannot age a bruise - different people’s 
bruises change colour at different rates. 






3. Discolouration 





1. Damage to the Haemoglobin is then 
blood vessels broken down into its 
After trauma such as a fall, smaller components, which 


the small capillaries are 
torn and burst. 


are what give the dark 
discolouration of a bruise. 


fhe 


2. Blood leaks 


into the skin 
Blood settles into the 
tissues surrounding the 
vessel. The pressure 
from the bruise then 
helps stem the bleeding. 







What Is 

r&- the little 
f triangle shape 
| on the side of 
R the ear? 
This is the tragus. It serves 
no major function that we 
know of, but it may help to 
reflect sounds into the ear 
to improve hearing. 


© David Benbennick 
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2. Ventricular systole 
The ventricles contract next, 
and they send high-pressure 
blood out into the aorta to 


3. Ventricular diastole 
The heart is now relaxed and can 
refill, ready for the next beat. 





Why 

does 
cutting 
onions make} 
us cry? 


Onions make your eyes water due to their expulsion of 
an irritant gas once cut. This occurs as when an onion 
is cut witha knife, many ofits internal cells are broken 
down, allowing enzymes to break down aminoacid 
sulphoxides and generate sulphenic acids. These 
sulphenic acids are then rearranged by another 
enzyme and, as a direct consequence, syn- 


propanethial-S-oxide gas is produced, which is volatile. 


This volatile gas then diffuses in the air surrounding 
the onion, eventually reaching the eyes of the cutter, 
where it proceeds to activate sensory neurons and 
create a stinging sensation. As such, the eyes then 
follow protocol and generate tears from their tear 
glands in order to dilute and remove the irritant. 
Interestingly, the volatile gas generated by cutting 
onions can be largely mitigated by submerging the 
onion in water prior to or midway through cutting, 
with the liquid absorbing much of the irritant. 


When we’re 


tired, why do ae: 


we get bags under 
our eyes? 


Blood doesn’t circulate around your body as 

efficiently when you're asleep so excess water can 
pool under the eyes, making them puffy. Fatigue, 
nutrition, age and genes also cause bags. ie 


What triggers 

the heart and 
keeps it beating? 
The heart keeps itself beating. The 
sinoatrial node (SAN) is in the wall of the 
right atrium of the heart, and is where the 
heartbeat starts. These beats occur due to 
changes in electrical currents as calcium, 
sodium and potassium move across 
membranes. The heart can beat at a rate of 
60 beats per minute constantly if left alone. 
However - we often need it to go faster. The 
sympathetic nervous system sends rapid 
signals from the brain to stimulate the 
heart to beat faster when we need it to-in 
‘fight or flight’ scenarios. If the SAN fails, a 
pacemaker can send artificial electrical 
signals to keep the heart going. 


Definitions 
Systole = contraction 
Diastole = relaxation 






more 
men go bald 
than women? 


‘Simple’ male pattern baldness is due 
toa combination of genetic factors 
and hormones. The most implicated 
hormone is testosterone, which men 
have high levels of but women have 
low levels of, so they win (or lose?) in 
this particular hormone contest! 





Why do some 

hereditary 
conditions skip a 
generation? 


Genes work in pairs. Some genes are 
‘recessive’ and if paired witha 
‘dominant’ half, they won't shine 
through. However, if two recessive 
genes combine (one from your 
mother and one from your father), 
the recessive trait will show through. 


Why do we 

get itchy? 
Itching is caused by the release ofa 
transmitter called histamine from 
mast cells which circulate in your body. 
These cells are often released in 
response toa stimulus, such asa bee 
sting or an allergic reaction. They lead 
to inflammation and swelling, and 
send impulses to the brain via nerves 
which causes the desire to itch. 





Why do 
we blink? 


Blinking helps keep your eyes clean and moist. Blinking 
spreads secretions from the tear glands (lacrimal fluids) 
over the surface of the eyeball, keeping it moist and also 
sweeping away small particles such as dust. 


How come most 
people have one foot 
larger than the other? 


Most people’s feet are different sizes - in fact the two 
halves of most people’s bodies are different! We all start 
from one cell, but as the cells multiply, genes give them 
varying characteristics. 
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Ae Why do amputees 
sometimes still 


feel pain in their 
amputated limbs? 


This is ‘phantom limb pain’ and can range from a mild 
annoyance to a debilitating pain. The brain can 
sometimes struggle to adjust to the loss ofa limb, and 
it can still ‘interpret’ the limb as being there. Since the 
nerves have been cut, it interprets these new signals 
as pain. There isn't a surgical cure as yet, though time 
and special medications can help lessen the pain. 


Which muscle produces the 
powerful contraction 
relative to its size? 


The gluteus maximus is the largest muscle and forms the bulk of your buttock. The heart (cardiac 
muscle) is the hardest-working muscle, as it is constantly beating and clearly can never take a break! 
However the strongest muscle based on weight is the masseter. This is the muscle that clenches the 
jaw shut - put a finger over the lowest, outer part of your jaw and clench your teeth and you'l11 feel it. 
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1. Taking the first step 

Muscle contraction starts with an impulse received from the 
nerves supplying the muscle -an action potential. This 
action potential causes calcium ions to flood across the 
protein muscle fibres. The muscle fibres are formed from two 
key proteins: actin and myosin. 

















Cross bridge o - 
detaches 7 \ 
3. Binding 


Now the binding sites are free on actin, the myosin heads 
forge strong bonds in these points. This leads to the 
contraction of the newly formed protein complex; when all 
of the proteins contract, the muscle bulk contracts. 





Actin filament 
is pulled 








2. Preparation 

The calcium binds to troponin which isa receptor on 
the actin protein. This binding changes the shape of 
tropomyosin, another protein which is bound to actin. 
These shape changes lead to the opening of a series of 
binding sites on the actin protein. 
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4. Unbinding 

When the energyruns out, the proteins lose their 
strong bonds and disengage, and from there they 
return to their original resting state. This is the 
unbinding stage. 
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The human body has over 75 
trillion cells, but what are they 
and how do they work? 


ells are life and cells are alive. 

You are here because every cell 

inside your body has a specific 
function and avery specialised job to 
do. There are many different types of 
cell, each one working to keep the 
body’s various systems operating. A 
single cell is the smallest unit of living 
material in the body capable of life. 
When grouped together in layers or 
clusters, however, cells with similar 
jobs to do form tissue, such as skin or 
muscle. To keep these cells working, 
there are thousands of chemical 
reactions going on all the time. 

Allanimal cells contain a nucleus, 
which acts like a control hub telling the 
cell what to do and contains the cell’s 
genetic information (DNA). Most of the 
material within a cell is a watery, 
jelly-like substance called cytoplasm 
(cyto means cell), which circulates 
around the cell and is heldin by athin 
external membrane, which consists of 
two layers. Within the cytoplasm isa 
variety of structures called organelles, 
which all have different tasks, suchas 
manufacturing proteins - the cell’s key 
chemicals. One vital example ofan 
organelle is a ribosome; these numerous 
structures can be found either floating 
around in the cytoplasm or attached to 
internal membranes. Ribosomes are 
crucial in the production of proteins 
from amino acids. 

In turn, proteins are essential to 
building your cells and carrying out the 
biochemical reactions the body needs in 
order to grow and develop and also to 
repair itself and heal. 


Mitochondria 

These organelles supply cells with the energy 
necessary for them to carry out their functions. 
The amount of energy used by a cell is measured 
in molecules of adenosine triphosphate (ATP). 
Mitochondria use the products of glucose 
metabolism as fuel to produce the ATP. 
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Ribosomes 

These tiny structures make proteins and 
can be found either floating in the 
cytoplasm or attached like studs to the 
endoplasmic reticulum, which is a conveyor 
belt-like membrane that transports proteins 
around the cell. 


Endoplasmic reticulum 

The groups of folded membranes (canals) 
connecting the nucleus to the cytoplasm are 
called the endoplasmic reticulum (ER). If 
studded with ribosomes the ER is referred to 
as ‘rough’ ER; if not it is known as ‘smooth’ 
ER. Both help transport materials around the 
cell but also have differing functions. 


Smooth 
endoplasmic 
reticulum 


Rough endoplasmic 
reticulum (studded 
with ribosomes) 


Golgi body 


Another organelle, the Golgi body is one 
that processes and packages proteins, 
including hormones and enzymes, for 
transportation either in and around the 
cell or out towards the membrane for 
secretion outside the cell where it can 


enter the bloodstream. 


Cell membrane 
Surrounding and supporting 
each cell is a plasma membrane 
that controls everything that 
enters and exits. 







Nucleus 
The nucleus is the cell’s ‘brain’ 
or control centre. Inside the 
nucleus is DNA information, 
which explains how to make 
the essential proteins needed 
to run the cell. 


DID YOU KNOW? Bacteria are the simplest living cells and the most widespread life form on Earth 





Cell anatomy 


Cytoplasm 

This is the jelly-like 
substance - made of 
water, amino acids and 
enzymes - found inside 
the cell membrane. 
Within the cytoplasm are 
organelles such as the 
nucleus, mitochondria 
and ribosomes, each 
of which performs a 
specific role, causing 
chemical reactions in 
the cytoplasm. 
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Lysosomes 
This digestive enzyme breaks down 
unwanted substances and worn-out 

organelles that could harm the cell by 

digesting the product and then 
ejecting it outside the cell. 





Types of human cell 


So far around 200 different varieties of cell have been 
identified, and they all have a very specific function to 
perform. Discover the main types and what they do... 


NERVE CELLS 

The cells that make up the nervous 
system and the brain are nerve cells 
or neurons. Electrical messages 
pass between nerve cells along 
long filaments called axons. To 
cross the gaps between nerve 

cells (the synapse) that electrical 
signal is converted into a chemical 
signal. These cells enable us to feel 
sensations, suchas pain, and they 


Cardiac muscles, meanwhile, are involuntary, 
which is fortunate because they are used to 
keep your heart beating. Found in the walls 
of the heart, these muscles create their own 
stimulito contract without input from the 
brain. Smooth muscles, which are pretty 
slow and also involuntary, make up the 
linings of hollow structures such as blood 
vessels and your digestive tract. Their 
wave-like contraction aids the transport of 
blood around the entire body and the 














alsoenableustomove. a DO... SHE ee Oe ekaear mums parent! 
BONE CELLS FAT CELLS 
The cells that make up bone matrix-the hard These cells—also known as adipocytes 
structure that makes bones strong - consist of three or lipocytes -make up your 
main types. Your bone massis constantly changing adipose tissue, or body fat, 
and reforming and each of the three bone cells plays which can cushion, insulate 
its part in this process. First the osteoblasts, which and protect the body. This 
come from bone marrow, build up bone mass and tissue is found beneath 
structure. These cells then become buried in the your skin and also 
matrix at which point they become surrounding your other 











known as osteocytes. Osteocytes organs. The size ofa fat 
make up around 90 per cent of cell can increase or 

*. the cellsin your skeletonand decrease depending on 
) areresponsible for theamount ofenergyit 
maintaining the bone stores. Ifwe gain weight the 


= material. Finally, while the cells fill with more watery fat, 
".’ osteoblasts add to bone mass, and eventually the number of fat 


osteoclasts are the cells cells will begin to increase. There are 
capable of dissolving bone and two types of adipose tissue: white and brown. The 
changing its mass. white adipose tissue stores energy and insulates the 


saldleleleleielelclolaleieleicialelsioleleieieloieleiclel@ clotalelels/eleleisiclelsisieieleleleiele|cio'elcieisiete body by maintaining body heat. The brown adipose 
PHOTORECEPTOR CELLS tissue, on the other hand, can actually create heat and 
The cones and rods on the retina at the back of the isn’t burned for energy - this is why animals are able to 
eye are known as photoreceptor hibernate for months on end without food. 
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cells. These contain light- 










sensitive pigments that EPITHELIAL CELLS 4 >» 
convert the image that Epithelial cells make up = 
enters the eye into nerve _ the epithelial tissue that s te 
signals, which the brain _ linesand protects your 
interprets as pictures. The organs and constitute w * 
rods enableyou to perceive theprimarymaterial @ . 
light, dark and movement, ofyour skin. These e Pe 
while the cones bring colour tissues forma barrier : : aS 
toyour world. Dia we Sas between the precious 
ane ete ee gh er cl Mata Seed Ure cee em SS organs and unwanted P 
LIVER CELLS pathogens or other fluids. As a 
Sem, The cellsinyour liver are wellas covering your skin, you'll © 
™ responsible for regulating the find epithelial cells inside your nose, 
“ composition of your blood. around your lungs and inyour mouth. 


These cells filter out toxins 


as wellas controlling fat, RED BLOOD CELLS 
1 sugar andaminoacid Unlike all the other cells in your body, 
! levels.Around8opercentof  yourred blood cells (also known 
the liver’s mass consists of as erythrocytes) do not 
hepatocytes, which are the contain a nucleus. Youare 
liver’s specialised cells that topped up with around 25 
areinvolved with the trillion red blood cells - 


production of proteins and bile. that's a third ofallyour 
GieraUuleryateicteeieiiels nieces stesdeseisee ree <tyeveens ec sersceeess-teeereeae ner et cells, making them the 
MUSCLE CELLS : . most common 
There are three types of muscle cell cell found in 
-skeletal, cardiacand smooth-and * your body. 
each differs depending on the Formed inthe 
function it performs and its bone marrow, 
location in the body. Skeletal these cells are 
muscles contain long fibres that important because 

attach to bone. When triggered by they carry oxygen to all the different 
anerve signal, the muscle contracts tissues in your body. Oxygen is carried 
and pulls the bone with it, making in haemoglobin, a pigmented protein 
you move. We can control skeletal that gives the blood cells their 

muscles because they are voluntary. recognisable red colour. 
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Inside a nucleus 





Dissecting the control centre ofa cell 


urrounded by cytoplasm, the nucleus 

contains a cell’s DNA and controls all 

of its functions and processes such as 
movement and reproduction. 

There are two main types of cell: 
eukaryotic and prokaryotic. Eukaryotic cells 
contain a nucleus while prokaryotic do not. 
Some eukaryotic cells have more than one 
nucleus - called multinucleate cells - 
occurring when fusion or division creates 
two or more nuclei. 

At the heart of a nucleus you'll find the 
nucleolus; this particular area is essential in 
the formation of ribosomes. Ribosomes are 


Nucleus in context 


Explore the larger body that a nucleus 
rules over and meet its ‘cellmates’ 


Ribosomes 

Made up of two separate 
entities, ribosomes make 
proteins to be used both 
inside and outside the cell. 


Golgi apparatus 
Named after the Italian 
biologist Camillo Golgi, 
they create lysosomes 
and also organise the 
proteins for secretion. 


responsible for making proteins out of amino 
acids which take care of growth and repair. 

The nucleus is the most protected part of 
the cell. In animal cells it is located near its 
centre and away from the membrane for 
maximum cushioning. As wellas the 
jelly-like cytoplasm around it, the nucleus is 
filled with nucleoplasm, a viscous liquid 
which maintains its structural integrity. 

Conversely, in plant cells, the nucleus is 
more sporadically placed. This is due to the 
fact that a plant cell has a larger vacuole and 
there is added protection which is granted by 
a cell wall. 


Mitochondrion 
Double membraned, 
this produces energy for 
the cell by breaking 
down nutrients via 
cellular respiration. 


Lysosome 

Small and spherical, 

this organelle contains 
digestive enzymes that 
attack invading bacteria. 


Central command 


Take a peek at what’s happening inside 
the ‘brain’ ofa eukaryotic cell 


@ Nuclear pore 
These channels control the movement of molecules 
between the nucleus and cytoplasm. 


® Nuclear envelope 
Acts as a wall to protect the DNA within the nucleus 
and regulates cytoplasm access. 


€ Nucleolus 
Made up of protein and RNA, this is the heart of the 
nucleus which manufactures ribosomes. 


@) Nucleoplasm 
This semi-liquid, semi-jelly material surrounds the 
nucleolus and keeps the organelle’s structure. 


& Chromatin 


Produces chromosomes and aids cell division by 
condensing DNA molecules. 


How do cells 


survive without 
a nucleus? 


Prokaryotic cells are actually much more basic 
than their eukaryotic counterparts. Not only 
are they up to 100 times smaller but they also 
are mainly a comprising species of bacteria, 
prokaryotic cells have fewer functions than 
other cells, so they do not require a nucleus to 
act as the control centre for the organism. 

Instead, these cells have their DNA moving 
around the cell rather than being housedina 
nucleus. They have no chloroplasts, no 
membrane-bound organelles and they don’t 
undertake cell division in the form of mitosis or 
meiosis like eukaryotic cells do. 

Prokaryotic cells divide asexually with DNA 
molecules replicating themselves in a process 
that is known as binary fission. 
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What are stem cell 


Understand how these building blocks bring new life 


> 





tem cells are incredibly 

special because they have 

the potential to become 
any kind of cellin the body, from 
red blood cells to brain cells. They 
are essential to life and growth, as 
they repair tissues and replace 
dead cells. Skin, for example, is 
constantly replenished by skin 
stem cells. 

Stem cells begin their life cycle 
as generic, featureless cells that 
don’t contain tissue-specific 
structures, such as the ability to 
carry oxygen. Stem cells become 
specialised through a process 
called differentiation. This is 
triggered by signals inside and 
outside the cell. Internal signals 
come from strands of DNA that 
carry information for all cellular 
structures, while external signals 
include chemicals from nearby 
cells. Stem cells can replicate 
many times - known as 


proliferation - while others such 
as nerve cells don’t divide at all. 

There are two stem cell types, 
as Professor Paul Fairchild, 
co-director of the Oxford Stem Cell 
Institute at Oxford Martin School 
explains: “Adult stem cells are 
multipotent, which means they 
are able to produce numerous 
cells that are loosely related, such 
as stem cells in the bone marrow 
can generate cells that make up 
the blood,” he says. “In contrast, 
pluripotent stem cells, found 
within developing embryos, are 
able to make any one of the 
estimated 210 cell types that make 
up the human body.” 

This fascinating ability to 
transform and divide has made 
stem cells a rich source for 
medical research. Once their true 
potential has been harnessed, 
they could be used to treat a huge 
range of diseases and disabilities. 





Research on cloning cells 
can help cure diseases 
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The ‘grey matter’ of the brain 
controls cognition, motor activity, 
sensation, and other higher level 
functions. Includes the association 
areas which help process 
information. These association areas 
are what distinguishes the human 
brain from other brains. 


| Basal ganglia (unseen) 
Regulates involuntary movements 
such as posture and gait when we 
walk, and also regulates tremors and 
other irregularities. This is the 
section of the brain where 
Parkinson’s Disease can develop. 


,. Hypothalamus y a AS 
. =r Controls metabolic functions such as ’ P 
Ne ~ jf t body temperature, digestion, Cerebellum” 74 
( . a, lo)gsyeluallare mae) (erelem oleaccss0/c-Macall acim Consists of two cer FA \ 
X a \ f hunger, sexual drive, pain relays, and | emispheres that controls 


also regulates some hormones. motor activity, th 'e)Felalaliaye 
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The human 


BRAIN 


Described as the most complex thing in the universe, our brains are truly astonishing 


he brain makes up just two per cent of our 


Limbic system 
The part of the brain that 
oxo) aluce) Min eelia\ om uallal dare p 
emotional response, 
sense of smell and taste. 


ordination, a \d-other body 
functions. This section of 
the brain weighs about 200 


grams (compared to 1,300 
grams Icom ta-Manr-llakeelar-y.0) 
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The cell bodies of the neurons, and their in time and space, and by type of chemical, to 
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total body weight, but crammed inside 

are approximately 86 billion neurons, 
surrounded by 180,000 kilometres of insulated 
fibres connected at 100 trillion synapses. It’s a 
vast biological supercomputer. 

The cells in the brain communicate using 
electrical signals. When a message is sent, 
thousands of microscopic channels open, 
allowing positively charged ions to flood across 
the membrane. Afterwards, more than1 million 
miniature pumps in each cell move the ions 
back again ready for the next impulse. 
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connections, are contained within the grey 
matter, which consumes 94 per cent of the 
oxygen delivered to the brain. Different areas 
are responsible for different functions, and 
wiring them together is a fatty network of fibres 
called white matter. 

When a signal reaches the end ofa nerve cell, 
tiny packets of chemical signals spill out onto 
the surrounding neurons. These connections, 
called synapses, allow messages to be passed 
from one cell to the next. Each neuron can 
receive thousands of inputs, coordinating them 


decide what to do next. 

Scientists have been electrically and 
chemically stimulating the brain to see how it 
responds to different signals, recording 
electrical activity to map thoughts and using 
sbaatckcabarcmunccowaupecerm(eyer-0m\V syd mnonue-lelqnalcme) (elere! 
flow increases that reveal when nerve cells are 
firing. The cells of the brain can also be studied 


inside the lab. Thanks to these investigations we 


Ke ateyivmesleyace-leleleimusbtcpeeleacresle)(-ecinablemveccnuertel 
ever before, but our understanding is only just 
beginning. There is so much more to learn. 





DID YOU KNOW? At rest, the brain uses around 20% of the body's total energy demand 


Brain development 


From a single cell to an incredibly intricate network 


in just nine months 


Within weeks of fertilisation, neural progenitors 
start to form; these stem cells will go on to 
become all of the cells of the central nervous 
system. They organise into a neural tube when 
the embryo is barely the size ofa pen tip, and 
then patterning begins, laying out the structural 
organisation of the brain and spinal cord. At its 
peak growth rate, the developing brain can 
generate 250,000 new neurons every minute. By 
the time a baby is born, the process still isn’t 
complete. But, by the age of two, the brain is 80 
per cent of its adult size. 


Brain formation 


This astonishing structure is formed and 
refined as pregnancy progresses 


Midbrain Forebrain 


Hindbrain 


Spinal cord 


4 weeks 

Brain development starts just three weeks after 
fertilisation. The first structure is the neural tube, which 
divides into regions that later become the forebrain, 
faal(ele)g-liammaliave|e)e-liaW-lale Bs) ®)[at-] mexe)aep 


Midbrain iA ™., Forebrain 


Hindbrain 


Spinal cord 


11 weeks 

As the embryo becomes larger, the brain continues to 
Talolgst-ls\oMlamoi74eW-lale Marcle] ce) ascmanlie|a-]kcm-] ale me)gel-lal com Bala 
10] @ r= (exoMe) mdal= o)e-ll ame] e-[e16r-]|\ymeleve] [alcm kom ce)(¢My-Vmmnualicm ole) i alm 
a foetus only measures about five centimetres in length. 
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like these, are found 
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watts 


Your brain is incredibly 
efficient, using less 
energy than a standard 
ife]alaelel|oy 





Midbrain 


Hindbrain 


6 weeks 
ii arom ey-140-) qa We) im datom e)e-]/au-lalems)e)[ar-] exe) ce mm icmaleVmr-](emelels 
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different functions. 


Spinal cord 


> > 


Midbrain 


Birth 

Before a baby is born, around half of the 

nerve cells in the brain are lost and 
(ore)alat=xoadle)alcw-] am ©) aU lals\o mm (=t-hVd (ale mela) \ymdal=maalessys 
useful. This process continues after birth. 











brain can 
regenerate 


Research has shown that 
(ore) a te] [ais |aatehome lim aaowalelUlimmeleciia 
fore] mex) alu |ale(=mnom 0)gelele(oomalay 
neurons, a process known 
as neurogenesis. 


Why the brain 
Is wrinkled 


Whateme)e-liamic)(ecmlame)s Mm iey:) | maemetr-loam la 
more processing power 


i at=wxe)(e\ow-] ale olelor.<-1e-Me) moll] me) al [alow] coi 
biological rarity that we only share with a few 
(o} t=) ams) ol =Ler[ oom [avoal (ell ale mele)|e)allatcemcye) are 
primates and elephants. It’s a clever 
reve) [Ulu (e)at-lavarelere]ele-1ele)amanr-lmr-li (oi ccmialnciiite(=lale 
ic} oX=Yor (Kom KO M=K0[Ul-h-] nm Mall le(o¥-]nalel0) almme)mere) ailler-]| 
tissue into a small space, allowing enormous 
lolaa] in) exe) V2) an kom ol-Mele-lanlnatrem[aicemelelm@acit-luhcihys 
small skulls. 
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(ore) aa] ©) (=) ar or- lior- (e(=tome) moral =)an)(or-] (el al-] oem elena nate) 
overall shape seems to be the result of simple 
physics. Grey matter sits on the outside of the 
lo)a-}laelavemme Ui dlaveme(=\\=)(0)°)an(=lalmmlacme| ae ivaua 
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underneath. This puts mechanical stress on the 
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Dolphin 


More wrinkled brains are associated with higher 
intelligence (brain sizes not to scale) 


“Our brains 
contain 

86 billion 
neurons 
ond 180,000 


kilometres 
of fibres” 


The 
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Making memories 


Hatem e)e-llamer-]aBoiee) a=W] gee lalem Manllil(elamelietsle\ acme) mer-l ee] 


A team at the Salk Institute in California The neurons that lit up when they watched the 
estimate that the brain can store around 1 first time lit up again as they relived the 
foxey =] o\VAKoMO) Mm [al ke)apatela(e)aMmciaelmiclem [aicomnal= experience inside of their heads - a bit like an 
connections between nerve cells. That’s cYoialom [amuatem e) e-llap 
around 2,000 years worth of MP3 music or Recent research from the US and Japan 
223,000 DVDs. And, incredibly, it’s possible to suggests that these echoes are actually stored 
NiVZ-] Kola nals) aale)a (stom ol-)[alemaar-le(oe 1 AV (X= Meo) a(@X= Ml [aU ate alle) efelor-lanlelelcw-jalem-ler-llamia 
The Weizmann Institute in Israel and UCLA 1am oxo) a X=> Oa Mal=M al] ©) eXeler-]an]e)0\omal-]arel (ass 
Tamial=MOhsmer-] o)a0la-le Mm pal-lanve)avaie)eaar-lu(elania c=} Ye) a ei R=) pa} Ke) @- [el oW-lale mel e-(el0l-]|\Vaie) ge [inom lei 
action. Patients watched clips of videos and as it does so it helps to reinforce the memory 
were then asked to recall what they’d seen. Tam dat=Wexe)aux=>.emr-] | (e)/\Vlalem(e)alebik=) gna mactor-]|— 


Self- If fice “(| At on i ms, Neurons make new connections 
lk wae \ Bi Wy NA when a memory is formed 
I i NF , F a \ = 
IRON \eays\\\\\ The cl 
[RAST BAN | \ e cleaning 
| he Af eae} \ 


rains \\ ANP aNS * ina pr | \ CSF sweeps away the dirt of 
V Cees — an the day as we sleep 


We have a built-insystem || “SY => ~~ gatas = 
to clear toxic waste from AN .\ fal a A \ fluid (CSF) | tae the channels 
b etwe en our brain cells = ; | \ | The brain is bathed in around the blood 


clear liquid that carries vessels widen, 


; a - i nutrients in and waste allowing CSF to sweep 
Sleep is one of the brain’s great ; = products out. through the brain. 


mysteries, but research on mice has 
revealed an intriguing night time 
cleanup system. The brain is 
shielded by a barrier made and 
maintained by cells called ~ 
astrocytes. They hug the blood sal ae ' —S 
vessels, controlling what’s allowed cells surround the blood | 5 // | / 
in and out, anda space between the ae vessels in the brain. ‘ 
vessel wall and these cells seems to ia | 
play a crucial role in keeping the 
brain clean. 
At night, the astrocytes relax their 
grip and the space fills up witha End foot 
clear liquid called cerebrospinal Astrocytes have long 
fluid (CSF). It’s pushed along by the Aon adlenrenranta 
movement of the blood vessels create channélearound 
underneath, swishing up through the blood vessels. 
the astrocytes and out into the 
spaces between brain cells. As it 
passes, it picks up waste and debris, 
carrying the particles back towards 
the bloodstream so that they can be 
removed from the brain. 


Waste 
Brain cells are constantly 
creating waste products : 
that can cause damage if Waste removal 
they’re allowed to build up. As the CSF flows across the brain, 
a the waste products are carried 
towards vessels where they can 
be removed via the bloodstream. 


DID YOU KNOW? A dolphin’'s brain ts 300g heavier than ag human's. They're thought to be as intelligent as apes 





Nerve triggers 
When many neurons are activated 
together at the same time, the 
nerve is excited - this is when we 
might feel the sensation of touch 
or a distinct smell. 





Nerve transmissions 
Some nerve transmissions travel great 
distances through the human body, 





others travel short distances - both use 
a de-polarisation to create the circuit. - 











De-polarisation is like a wound-up - FP: 
spring that releases stored energy once yn <5 
work? a _) —_—_ 
Nerves carry signals AS —< 
th h tth b d Myelinated and — <= AC DSS eer? 
roug OU € DO Y -—d un-mylinated | “~S SS oL> Greve 372 eos 
chemic al superhighway Some nerves are myelinated | So a ‘gp — rT > = 
(or insulated) with fatty | —— <3) = "(= z= 
Nerves are the transmission cables that carry brain waves in Ws Suite alplesislre Wins Ww <ES “tC 
the human body, says Sol Diamond, an assistant professor at ee ney Ss @ S75 : 
the Thayer School of Engineering at Dartmouth. According to pies serosa: >. 
; ; . ; istance. Others are =. 
Diamond, nerves communicate these signals from one point un-myelinated and are | SS | 3 . 
to another, whether from your toenail up to your brain or from un-insulated. These nerves So eee 
the side of your head. travel shorter distances. at. yee 


i 
“ Spinal cord core 
Ez In the core of the spinal cord, grey matter 








- like the kind in the outer layer of the 
brain - is for processing nerve cells such 


The Spinal cord actually , _aa = SS as touch, pain and movement. 
is part of the brain and | | 
plays a major role 


Scientists have known for 
the past 100 years or so 
that the spinal cord is 
actually part of the brain. 
According to Melillo, 
while the brain has grey 
matter on the outside 
(protected by the skull) 
and protected white 
matter on the inside, the 
spinal cord is the reverse: 
the grey matter is inside 











Neuronal 
fibre tracts 


Nerve root 







the spinal cord and the Spinal nerve 
white matter is outside. 

Neurogenesis 
Grey matter cells According to Tallal, by 


repeating brain activities 
such as memorisation and 

pattern recognition, you 
can grow new brain cells in 
the spinal cord and brain. 


Grey matter cells in the spinal cord 
cannot regenerate, which is why 
people with a serious spinal cord injury 
cannot recover over a period of time. 
White matter cells can re-generate. 


White matter cells 

White matter cells in the spinal cord 
carry the electro-chemical pulses up to 
the brain. For example, when you are 
kicked in the shin, you feel the pain in 
the shin and your brain then tells you 
to move your hand to cover that area. 


Neuroplasticity 
In the spinal cord and in the brain, cells 

can rejuvenate over time when you 
exercise and become strengthened. This 
process is called neuroplasticity. 
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Inside the 
numan eye 











Uncovering one of the most complex constructs in the natural world 


he structure of the human eye is so 

incredibly complex that it’s actually 

hard to believe that it’s not the product 
of intelligent design. But by looking at and 
studying the eyes of various other animals, 
scientists have been able to show that eyes 
have evolved very gradually from just a simple 
light-dark sensor over the course of around 100 
million years. The eye functions in a very 














Fovea 

This pit at the centre of the 
back of the eye is rich in light 
receptors and is responsible 
for sharp central vision. 


Optic nerve 
Signals from the retina travel to the 
brain via the optic nerve, a bundle 

of fibres that exits through the 
back of the eye. 


Blind spot 


similar way to a camera, with an opening 
through which the light enters, a lens for 
focusing and a light-sensitive membrane. 

The amount of light that enters the eye is 
controlled by the circular and radial muscles 
in the iris, which contract and relax to alter the 
size of the pupil. The light first passes through 
a tough protective sheet called the cornea, and 
then moves into the lens. This adjustable 


At the position where the 
optic nerve leaves the eye, 


Retina Iris 
The retina is covered in receptors that 
detect light. It is highly pigmented, 
preventing the light from scattering 


and ensuring a crisp image. 
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This circular muscle controls the 
size of the pupil, allowing it to be r. 
closed down in bright light, or ¥ 
opened wide in the dark. ; , 


there is no space for light 
receptors, leaving a natural 
'e) Tare ms) ole) Mm lamelel mi ci(e) an 


—_— 





structure bends the light, focusing itdown toa 
point on the retina, at the back of the eye. 

The retina is covered in millions of light- 
sensitive receptors known as rods and cones. 
Each receptor contains pigment molecules, 
which change shape when they are hit by 
light, which triggers an electrical message 
that then travels to the brain via the 
optic nerve. 


Ciliary body 

This tissue surrounds the lens and 
contains the muscles responsible 
for changing its shape. 


Sclera 

A tough white membrane 
known as the sclera helps 
to maintain the eye’s 
spherical shape. 


Cornea 

The pupil and iris are 
covered in a tough, 
transparent 
membrane, which 
provides protection 
and contributes to 
focusing the light. 


Pupil 
The pupil is a hole that 
allows light to reach 
the back of the eye. 


DID YOU KNOW? 285 million people in the world are estimated to be visually impaired and 39 million of them are blind 





How the eye focuses 


The tiny rings of muscle that make your vision sharp 


ameras and human eyes both focus light 

using a lens. This structure bends the 

incoming wavelengths so that they hit 
the right spot on a photographic plate, or on the 
back of the eye. A camera lens is made from solid 
glass, and focuses on near and distant objects by 


Accommodation explained 


How the lens changes its shape to focus on 
near and distant objects 


Lens 
The lens is 
responsible for 
focusing the 
light on the back 
of the eye. 






physically moving closer or further away. A 
biological lens is actually squishy, and it focuses 
by physically changing shape. 

In the eye, this process is known as 
‘accommodation’, and is controlled by a ring of 
smooth muscle called the ciliary muscle. This is 
attached to the lens by fibres known as 
suspensory ligaments. When the muscle is 
relaxed, the ligaments pull tight, stretching the 
lens until it is flatand thin. This is perfect for 
looking at objects in the distance. 

When the ciliary muscle contracts, the 
ligaments loosen, allowing the lens to become fat 
and round. This is better for looking at objects that 
are nearby. The coloured part of the eye (called 
the iris) controls the size of the pupil and ensures 


the right amount of light gets through the lens. relaxes, the 


ligaments are 
pulled tight. 


Beneath the iris, 
muscles are 

_ working hard to 
adjust the lens 





Seeing in three dimensions 


Each eye sees a slightly different 
image, allowing the brain to 
perceive depth 


Our eyes are only able to produce two- 
dimensional images, but with some clever 
internal processing, the brain is able to 
build these flat pictures into a three- 
dimensional view. Our eyes are positioned 
about five centimetres (two inches) apart, 
so each sees the world from a slightly 
different angle. The brain then compares 
the two pictures, using the differences to 
create the illusion of depth. 


Ciliary muscle 
A ring of muscle 
surrounding the lens can 
pull it tight, or let it relax. 










Suspensory 
ligament 
The ciliary muscle is 
connected to the lens 

by ligaments. 


ee 


Relaxed ———— aug 


When the muscle 


Contracted 
When the muscle 
contracts, the ligaments 
slacken off. 









pik 


Near 
A round, fat lens is 
good for looking at 
nearby objects. 


Yl Far 


A flat, thin lens is 
good for looking at 
distant objects. 





Individual image 

Due to the positioning of our eyes, 
when objects are closer than about 
5.5m (18ft) away, each eye sees a 
slightly different angle. 


Combined image 

The incoming signals from both 
eyes are compared in the brain, and 
the subtle differences are used to 
create a three-dimensional image. 


Try it for yourself 

By holding your hand in front of 
your face and closing one eye at a 
time, it is easy to see the different 
2D views perceived by each eye. 
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riow 
ears 


work 


The human ear 
performs a range of 
functions, but how 
do they work? 


he thing to remember when learning 

about the human ear is that sound is all 

about movement. When someone speaks 
or makes any kind of movement, the air around 
them is disturbed, creating a sound wave of 
alternating high and low frequency. These 
waves are detected by the ear and interpreted by 
the brain as words, tunes or sounds. 

Consisting of air-filled cavities, labyrinthine 
fluid-filled channels and highly sensitive cells, 
the ear has external, middle and internal parts. 
The outer ear consists of a skin-covered flexible 
cartilage flap called the ‘auricle’, or ‘pinna’. This 
feature is shaped to gather sound waves and 
amplify them before they enter the ear for 
processing and transmission to the brain. The 
first thing a sound wave entering the ear 
encounters is the sheet of tightly pulled tissue 
separating the outer and middle ear. This tissue 
is the eardrum, or tympanic membrane, and it 
vibrates as sound waves hit it. 

Beyond the eardrum, in the air-filled cavity of 
the middle ear, are three tiny bones called the 
‘ossicles’. These are the smallest bones in the 
human body. Sound vibrations hitting the 
eardrum pass to the first ossicle, the malleus 
(hammer). Next the waves proceed along the 
incus (anvil) and then on to the (stapes) stirrup. 
The stirrup presses against a thin layer of tissue 
called the ‘oval window’, and this membrane 
enables sound waves to enter the fluid-filled 
inner ear. 

The inner ear is home to the cochlea, which 
consists of watery ducts that channel the 
vibrations, as ripples, along the cochlea’s 
spiralling tubes. Running through the middle of 
the cochlea is the organ of Corti, which is lined 
with minute sensory hair cells that pick up on 
the vibrations and generate nerve impulses that 
are sent to the brain as electrical signals. The 
brain can interpret these signals as sounds. 
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Structure 
of the ear 


PANU gee (ol Talate)) 
This is the visible part 
of the outer ear that 
collects sound wave 
vibrations and directs 
them into the ear. 


External acoustic 
meatus (outer 

y=] mere late|)) 

This is the wax-lined tube 
that channels sound 
Wilelecl ie acMicelaamincneelicis 
re)alaremea)celele/amualeusy.coli ace) 
the eardrum. 


Scala vestibuli 
(vestibular canal) 
Takexeyaaliare AVdle)g-1t(e)arsmae-\2) 
along the outer vestibular 
for=]al=)] Ke) im tg(=Kevele a) (2v~ B 


Cochlear duct 

The cochlear duct  . 
separates the tympani “i 
and vestibular canals. 
MbatsKelcer-lakeymee)an. 

found here. 


Malleus 
(hammer) 

One of the three ossicles, 
ida)icMarclanlantslerciale]elc1e| 
bone connects to the 
eardrum and moves with 
every vibration bouncing 
fojamualewel avian 


Tympanic membrane 
'(e¥eluelaUlag)) 

The slightly concave thin layer of skin 
stretching across the ear canal and 
separating the outer and middle ear. 
Vibrations that hit the eardrum are 
transmitted as movement to the 
three ossicle bones. 





DID YOU KNOW? The eardrum needs to move less than the diameter of g hydrogen atom in order for us to perceive sound 





Scala tympani 
CaYsanlesslal(omerslarel)) 

The vestibular canal and this, 
the tympanic canal, meet at 
the apex of the cochlear spiral 
(the helicotrema). 


Cochlear nerve 


Sends nerve impulses with 
Talce)aaateluceals|elele| mcvel0 ale cmice)an) 
the cochlea to the brain. 


WW abbaldeyacielbueletcyels 
movements, or 
disturbances of air, 
that create waves 
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The vestibular system 


Inside the inner ear are the vestibule 
and semicircular canals, which 
feature sensory cells. From the 
semicircular canals and 
maculae, information about 


Semicircular canal 
These three loops positioned 
at right angles to each other 
are full of fluid that transports 
: . sound vibrations to the crista. 



















which way the head is Y 
moving is passed to 
receptors, which send Vestibular nerve 
electrical signals Sends information 
to the brain as about equilibrium from 
nerve impulses. the semicircular canals 
to the brain. 
a 
© 
Macula 
A sensory area Vestibule 
covered in Inside the fluid-filled 


vestibules are two 
chambers (the utricle 
and saccule), both of 
which contain a 
structure called a 
macula, which is 
covered in sensory 


tiny hairs. 


Crista 
At the end of each semicircular canal 
there are tiny hair-filled sensory receptors 
called cristae. 


hair cells. 

A sense of balance 
The vestibular system functions to give acceleration (ie, movement of your head) 
you a sense of which way your head is inthree different directions due to the 
pointing in relation to gravity. It enables positioning ofthe loops along different 
you to discern whether your head is planes. Like the organ of Corti, the 
upright or not, as wellas helping you to semicircular canals employ tiny hair cells 
maintain eye contact with stationary to sense movement. The canals are 
objects while your head is turning. connected to the auditory nerve at the 

Also located within the inner ear, but back of the brain. 
less to do with sound and more concerned Your sense of balance is so complex 
with the movement ofyour head, are the that the area ofyour brain that’s purely 
semicircular canals. Again filled with dedicated to this one role involves the 
fluid, these looping ducts actlikeinternal © samenumberofcellsasthe rest of your 
accelerometers that can actually detect brain cells put together. 
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Anatomy of the neck 


Explore one of the most 
complex and functional 
areas of the human body 


he human neck isa perfect blend of form 

and function. It has several specific tasks 

(eg making it possible to turn our heads to 
see), while serving as a conduit for other vital 
activities (eg connecting the mouth to the lungs). 

The anatomical design of the neck would 
impress modern engineers. The flexibility ofthe 
cervical spine allows your head to rotate, flex and 
tilt many thousands of times a day. 

The muscles and bones provide the strength 
and flexibility required, however the really 
impressive design comes with the trachea, 
oesophagus, spinal cord, myriad nerves and the 
vital blood vessels. These structures must all find 
space and function perfectly at the same time. 
They must also be able to maintain their shape 
while the neck moves. 

These structures are all highly adapted to 
achieve their aims. The trachea is protected bya 
ring of strong cartilage so it doesn’t collapse, 
while allowing enough flexibility to move when 
stretched. Above this, the larynx lets air move 
over the vocal cords so we can speak. Farther 
back, the oesophagus is a muscular tube which 
food and drink pass through en route to the 
stomach. Within the supporting bones of the neck 
sits the spinal cord, which transmits the vital 
nerves allowing us to move and feel. The carotid 
arteries and jugular veins, meanwhile, constantly 
carry blood to and from the brain. 


How does the head 
connect to the neck? 


They are connected at the bottom of the skull 
and at the top of the spinal column. The first 
vertebra is called the atlas and the second is 
called the axis. Together these form a special 
pivot joint that grants far more movement than 
other vertebrae. The axis contains a bony 
projection upwards, upon which the atlas 
rotates, allowing the head to turn. The skull sits 
on top of slightly flattened areas of the atlas, 
providing a safe platform for it to stabilise on, 
and allowing for nodding motions. These bony 
connections are reinforced with strong muscles, 
adding further stability. Don’t forget that this 
amazing anatomical design still allows the vital 
spinal cord to pass out of the brain. The cord sits 
in the middle of the bony vertebrae, where it is 
protected from bumps and knocks. It sends out 
nerves at every level (starting right from the top) 
which actually control over most of the body. 
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Get it in the neck 


We show the major features that are packed into 


this junction between the head and torso 


Cartilage 

This tough tissue 
protects the delicate 
airways behind, 
including the larynx. 


Sympathetic trunk 
These special nerves run 
alongside the spinal cord, and 
control sweating, heart rate 
and breathing, among other 
vital functions. 


Vertebra 


Phrenic nerve These bones provide 


These important 
nerves come off the 
third, fourth and fifth 
neck vertebrae, and 
innervate the 
diaphragm, which 
keeps you breathing 
(without you having to 
think about it). 


and protect the spinal 
cord within. 


Spinal cord 
Shielded by the vertebrae, 
the spinal cord sends 
motor signals down nerves 
and receives sensory 
information from all 
around the body. 


support to prevent the neck 
collapsing, hold up the skull 


Oesophagus 
This pipe connects the 
mouth to the stomach, 
and is collapsed until 
you swallow 
something, when its 


muscular walls stretch. 





Larynx 

This serves two main 
functions: to connect the 
mouth to the trachea, and 
to generate your voice. 


Carotid artery 
These arteries transmit 
oxygenated blood from 

the heart to the brain. 

There are two of them 

(right and left), in case one 
becomes blocked. 
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Just say no... 
The physiology that lets 


us shake our heads 


Rotation 
The movement of 
the atlas around 
the odontoid peg 
allows for rotation 
of the skull above it. 


Odontoid 
process 

This bony projection 
is parallel with the 
longitudinal axis 

of the spine. 


Sternocleidomastoid 
Turn your head left and feel the 
right of your neck - this is the 
muscle doing the turning. 





Jugular vein 

These vessels drain blood 
from the neck, returning it to 
the heart. 


: 
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e neck in context 
nan neck relies on a wide array of bones 
les for support, as we see here 







Atlas 


This section 
articulates (moves) 
around the odontoid 
process which 
projects through it. 


Axis 

In the spinal column, this 
is the second vertebra, 
which provides the 
stability for the required 
upwards bony projection. 


ai 


Atlas 


The first neck (Cervical) 
vertebra is what 
permits the nodding 
motion of the head. 


Axis 
The second cervical 
vertebra allows rotation 
of the head. So when 
you’re shaking your head 
to say no, you have got 
this bone to thank. 
























Trapezius 
When you shrug your 
shoulders this broad 
muscle tenses up 
between your 
shoulder and neck. 
























Cervical plexus 
These nerves provide fi 
sensation to the skin and — ff 

also control the fine / : 
movements of the neck. 












Spinal cord 
Vertebrae create a 
cage of bones to 

protect the critical 
~ spinal cord within. 





Seventh cervical 



















vertebra | 
| This is the bony Splenius capitis 
| protuberance at the This muscle is an example 
* bottom of your neck, of one of the many 
which you can feel; strap-like muscles which 
doctors use it as a kind of control the multitude of 

© landmark so they can ae fine movements of the | 


locate the other vertebrae. | 
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skeleton 
works 


Without a skeleton, we would not 
be able to live. It is what gives us 
our shape and structure and its 
presence allows us to operate 

ona daily basis. Italsoisa 
fascinating evolutionary 








link to all living and 
extinct vertebrates 


T he human skeleton is crucial for us 
to live. It keeps our shape and 
muscle attached to the skeleton 
allows us the ability to move around, 
while also protecting crucial organs that 
we heed to survive. Bones also produce 
blood cells within bone marrow and 
store minerals we need released ona 
daily basis. 

As an adult you will have around 206 
bones, but you are born with over 270, 
which continue to grow, strengthen and 
fuse after birth until around 18 in females 
and 20 in males. Skeletons actually do 
vary between sexes in structure also. One 
of the most obvious areas is the pelvis as 
a female must be able to give birth, and 
therefore hips are comparatively 
shallower and wider. The cranium also 
becomes more robust in males due to 
heavy muscle attachment anda male's 
chin is often more prominent. Female 
skeletons are generally more delicate 
overall. However, although there are 
several methods, sexing can be difficult 
because of the level of variation we see 
within the species. 

Bones are made up of various different 
elements. In utero, the skeleton takes 
shape as cartilage, which then starts to 
calcify and develop during gestation and 
following birth. The primary element 
that makes up bone, osseous tissue, is 


AO 


4. Radius/Ulna 


The radius and ulna are the bones 
situated in the forearm. They 
connect the wrist and the elbow. 


5. Rib cage 

This structure of many single rib 
bones creates a protective 
barrier for organs situated in the 
chest cavity. They join to the 
vertebrae in the spine at the 
back of the body, and the 
sternum at the front. 


actually mineralised calcium phosphate, 
but other forms of tissue such as marrow, 
cartilage and blood vessels are also 
contained in the overall structure. Many 
individuals think that bones are solid, 
but actually inner bone is porous and full 
of little holes. 

Even though cells are constantly being 
replaced, and therefore no cell in our 
body is more than 20 years old, they are 
not replaced with perfect, brand-new 
cells. The cells contain errors in their DNA 
and ultimately our bones therefore 
weaken as we age. Conditions such as 
arthritis and osteoporosis can often be 
caused by ageing and cause issues with 
weakening of bones and reduced 
movement ability. 


Carpals 









Patella 











Tarsals 
Phalanges 













DID YOU KNOW? Around five per cent of all animals have backbones and are therefore classified as vertebrates 





Inside our 
skeleton 


How the human 
skeleton works and 


\ keeps us upright 


1. Cranium 

The cranium, also known as 
the skull, is where the brain 
and the majority of the 
sensory organs are located. 


2. Metacarpals 
The long bones in the 
hands are called 
metacarpals, and are 
the equivalent of 
metatarsals in the 
foot. Phalanges 
located close to the 
metacarpals make 
up the fingers. 


3. Vertebrae 
There are three main kinds of 
vertebrae (excluding the sacrum and 
coccyx) - cervical, thoracic and 
lumbar. These vary in strength and 
structure as they carry different 
pressure within the spine. 


6. Pelvis 

This is the transitional joint between 
the trunk of the body and the legs. It 
is one of the key areas in which we 
can see the skeletal differences 
between the sexes. 


7. Femur 

This is the largest and longest single 
bone in the body. It connects to the 
pelvis with a ball and socket joint. 


8. Fibula/Tibia 


These two bones form the lower 
leg bone and connect to the knee 
joint and the foot. 


9. Metatarsals 

These are the five long bones in 
the foot that aid balance and 
movement. Phalanges located 
close to the metatarsals are the 
bones which are present in toes. 


Breaking 
bones 


Whether it’s a complete break 
or just a fracture, both can take 
time to heal properly 


Ifyou simply fracture the bone, you may just need to keep it 
straight and keep pressure off it until it heals. However, if 
you break it into more than one piece, you may need metal 
pins inserted into the bone to realign it or plates to cover the 
break in order for it to heal properly. The bone heals by 
producing new cells and tiny blood vessels where the 
fracture or break has occurred and these then rejoin up. For 
most breaks or fractures, a cast external to the body will be 
put on around the bone to take pressure off the bone to 
ensure that no more damage is done and the break can heal. 


“The skull is actually 
seven separate plates 
when we are born, 
which fuse together” 


Skull development 


When we are born, many of our 
bones are still somewhat soft and 
are not yet fused — this process 
occurs Jater during our childhood 


The primary reasons for the cranium in particular not to 
be fully fused at birth is to allow the skull to flex as the 
baby is born andalso to allow the extreme rate of growth 
that occurs in the first few years of childhood following 
birth. The skull is actually in seven separate plates when 
we are born and over the first two years these pieces fuse 
together slowly and ossify. The plates start suturing 
together early on, but the anterior fontanel - commonly 
known as the soft spot - will take around 18 months to 
fully heal. Some other bones, such as the five bones 
located in the sacrum, don’t fully fuse until late teens or 
early twenties, but the cranium becomes fully fused by 
around age two. 


3 skulls © DK Images 


‘Six year old | 
ss Skull / 


How our joints work 


The types of joints in our body explained 


3. Skull sutures 
Although not generally 
thought of as a ‘joint’, all the 
cranial sutures present from 
where bones have fused in 
childhood are in fact 
immoveable joints. 


1. Ball and socket joints 

Both the hip and the shoulder joints are 
ball and socket joints. The femur and 
humerus have ball shaped endings, which 
turn in a cavity to allow movement. 


2. Vertebrae 
Vertebrae fit together to 
support the body and allow 
bending movements. 
They are joined by 
cartilage and are 
classified as 
semi-mobile 
joints. 






5. Gliding joints 
Some movement can 
be allowed when flat 
bones ‘glide’ across 
each other. The wrist 


6. Saddle joints 
The only place we see 
this joint in humans is 

the thumb. Movement 

is limited in rotation, 


4. Hinged joints 
Both elbows and knees 
are hinged joints. These 
joints only allow limited 
movement in one 


direction. The bones fit bones - the carpals - but the thumb can 
together and are moved operate like this, move back, forward 
by muscles. moved by ligaments. and to the sides. 
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Breaking 
it down 


How the various 
bones fit together 
to form the skull 


Parietal bones 
Cie parietal bones form 
most of the upper lateral 


? side of the skull, joining 
2 together at the top. 


Occipital bone 
Located at the back of 
the skull, this section of 
bone contains openings 
for the spinal cord, 
nerves and vessels. 


Frontal bone 

The single bone that 
forms the forehead, it is 
often considered a facial 
bone despite being a 
calvarial bone. 
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Maxilla 
Comprising part of the 
upper jaw and hard 

palate, the maxilla also 
forms part of the nose 
and eye socket. 


Temporal bone 
Divided into four parts, 
the temporal bone 
supports the temple and 
houses the structures 
that enable us to hear. 









Sphenoid 
The complex sphenoid is a crucial 
bone, as it joins with almost 

every other skull bone. 


Zygoma 
This bony arch 
spans from the 
cheek to just above 
the ear canal. 


Why do babies 
have a ‘soft spot’? 


The open spaces between the bones of a baby’s 
skull where the sutures intersect are called 
fontanelles. Covered in a protective membrane, 
there are two kinds of fontanelles: the anterior 
fontanelle - also known as the ‘soft spot’ - and 
the posterior fontanelle. The anterior fontanelle 
is where the two frontal and two parietal bones 
meet, and this area stays soft until the age of 
around two. The posterior fontanelle is where 
1a g{=mAUoM oy-] g(=1 =] Mole) aletow-] ale Md al-melere!|e)ir-]mele)al= 
meet, and this area usually closes when a baby 
is a few months old. 
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reason they remain open for some time is to 
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early - a process known as craniosynostosis - 


Mandible 


The only moveable bone of the 
skull, the lower jaw is the 
largest and strongest one too. 


The human 
skull 


e human skull is made up of 22 bones that 
fallinto two primary groups: the cranium, 





Understand the complex structure that 
supports our brain and facial tissues 








the orbits of the eyes, nasal and oral cavities, in 
addition to the sinuses. Only one of the skull’s 22 


as this can result in various medical problems. 


which consists of eight ‘cranial’ bones, and 
the facial skeleton, which consists of 14 facial 
bones. These bones are joined together by fibrous 
joints known as sutures. Unique to the skull, once 
these joints have fused together by the age of 
around 30 to 40, they are immovable. 

The cranium consists of a roof part - knownas 
the calvarium - and a complex base part. The 
calvarium helps to cover the cranial cavity, which 
the brain occupies, along with flat bones at the 
top and sides. The base of the brain case is 
divided into large spaces, and has various 
openings for the passages of cranial nerves, blood 
vessels and the spinal cord. 

The facial skeleton provides support for the soft 
facial tissues, and its bones fuse together to house 
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bones is moveable, and that is the lower jaw. 

As you can see in the diagram above, the skull 
isa complex structure, but then its main roles are 
to protect the brain and support the face, so this 
comes as no surprise. 


The skull does an impressive job of protecting 
superficial muscles, nerves and blood vessels 
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of the skull 








The vocal cords and larynx in particular 


have evolved over time to enable humans to 
produce a dramatic range of sounds in order 


to communicate - but how do they work? 


ocal cords, also known as vocal 

folds, are situated in the larynx, 

which is placed at the top of the 
trachea. They are layers of mucous 
membranes that stretch across the 
larynx and control how air is expelled 
from the lungs in order to make certain 
sounds. The primary usage of vocal 
cords within humans isin order to be 
abl to communicate with eachother 
and it is hypothesised that human 
vocal cords actually developed to the 
extent we see now to facilitate 
advanced levels of communication in 
response to the formation of social 
groupings during phases of primate, 
and specifically human, evolution. 


As air is expelled from the lungs, the 
vocal folds vibrate and collide to 
produce a range of sounds. The type of 
sound emitted is effected by exactly 
how the folds collide, move and stretch 
as air passes over them. An individual 
‘fundamental frequency’ is 
determined by the length, size and 
tension of their vocal cords. Movement 
of the vocal folds is controlled by the 
vagus nerve, and sound is then further 
fine-tuned to form words and sounds 
that we can recognise by the larynx, 
tongue and lips. Fundamental 
frequency in males averages at 125Hz, 
and at 210Hz in females. Children have 


a higher average pitch at around 300Hz. 
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Tongue 

This muscle, situated in the 
mouth, can affect and 
change sound as it travels 
up from the vocal cords 
and out through the mouth. 


Trachea 

The vocal cords are 
situated at the top of the 
trachea, which is where air 
from the lungs travels up 
through from the chest. 


Vocal cords 

These layers of mucous 
membranes stretch across 
the larynx and they open, 
close and vibrate to 
produce different sounds. 


Epiglottis 

This is a flap of skin that 
shuts off the trachea when 
an individual is swallowing 
food. It stops food and liquids 
‘going down the wrong way’. 
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Oesophagus 

This tube, situated behind 
the trachea, is where 
food and liquid travels 
down to the stomach. 


Lips 

Lips are essential for the 
production of specific 
sounds, like ‘b’ or ‘p’. 


Larynx 

Known as the voice 

box, this protects the trachea 
and is heavily involved in 
controlling pitch and volume. 
The vocal cords are situated 
within the larynx. 


™ 


The epiglottis stops food 
entering the trachea 


' Vocal cords open when 
breathing, but are pulled 
together when speaking 
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DID YOU KNOW? Cartilage [intervertebral discs) actually makes up 25% of the spine’s length 
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Joints 


For bones to function 
together, they are 
linked by joints 


ome bones, like those in the skull, 
do not need to move, andare 
permanently fused together with 
mineral sutures. These fixed joints 
provide maximum stability. However, 
most bones need flexible linkages. In 
some parts of the skeleton, partial 
flexibility is sufficient, so all that the 
bones require is a little cushioning to 
prevent rubbing. The bones are joined by 
a rigid, gel-like tissue known as cartilage, 
which allows for a small range of 
compression and stretching. These types 
of joints are present where the ribs meet 
the sternum, providing flexibility when 
breathing, and between the stacked 
vertebrae of the spinal column, allowing 
it to bend and flex without crushing the 
spinal cord. 

Most joints require a larger range of 
movement. Covering the ends of the 
bones in cartilage provides shock 
absorption, but for them to move freely in 
a socket, the cartilage must be lubricated 
to make it slippery and wear-proof. At 
synovial joints, the ends of the two bones 
are encased ina capsule, covered onthe 
inside by asynovial membrane, which 
fills the joint with synovial fluid, 
allowing the bones to slide smoothly past 
one another. 

There are different types of synovial 
joint, each with a different range of 
motion. Ball-and-socket joints are used 
at the shoulder and hip, and providea 
wide range of motion, allowing the 
curved surface at the top end of each 
limb to slide inside a cartilage covered 
cup. The knees and elbows have hinge 
joints, which interlock in one plane, 
allowing the joint to open and close. For 
areas that need to be flexible, but do not 
need to move freely, such as the feet and 
the palm of the hand, gliding joints allow 
the bones to slide small distances 
without rubbing. 





Hypermobility 


Some people tend to have particularly 
flexible joints and a much larger range 
of motion. This issometimes known 
as being ‘double jointed.’ Itis thought 
to result from the structure ofthe 
collagen in the joints, the shape of the 
end of the bones, and the tone of the 
muscles around the joint. 
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Bone joints 


Pivot joint 

To turn the head from left to right, 
the ring-shaped first vertebra 
(known as the atlas) rotates 
around a tiny spoke on the second 
vertebra (known as the axis), 
forming a pivot joint. 


Basal joint 

The thumb is joined to 
the rest of the hand by 
a bone called the 
trapezium. It is shaped 
like a saddle and 
allows the thumb to 
bend and pivot. 


Hinge joint 





Ellipsoid joint 

The bumps at the base of 
the skull fit inside the ring 
of the first vertebra, 
allowing the head to tip 
up, down and from side 
to side. 


At joints like the knee and elbow, one 


bone is grooved, while the other is 
rounded, allowing the two to slot 
together and move like a hinge. 


Gliding joint 


The joints between the carpal bones 
of the hands and the tarsal bones of 


the feet only allow limited 


movement, enabling the bones to 


slide past each other. 


Mobile 


The synovial joints are the most 
mobile in the body. The ends of the 
bones are linked by a capsule that 
contains a fluid lubricant, allowing 
the bones to slide past one another. 
Synovial joints come in different 
types, including ball-and-socket, 
hinge, and gliding. 





Semi-mobile 


Cartilaginous joints do not allow 
free motion, but cushion smaller 
movements. Instead ofa lubricated 
capsule, the bones are joined by 
fibrous or hyaline cartilage. The 
linkage acts as ashock absorber, so 
the bones can move apart and 
together over small distances. 












Ball-and- 


socket joint 

The long bones of the legs 
and arms both end in 
ball-like protuberances, 


* which fit inside sockets in 
:the hip and shoulder, 
~ giving these joints a wide 


range of motion. 


Movements 

The bones are joined 
together with ligaments, 
and muscles are attached 
by tendons, allowing 
different joints to be 
moved in a variety of 
different ways. 


Some bones do not need to move 
relative to one another and are 
permanently fused. For example the 
cranium starts out as separate pieces, 
allowing the foetal head to change 
shape to fit through the birth canal, 
but fuses after birth to encase the 
brain ina solid protective skull. 








DID YOU KNOW? The bone marrow produces between two and three million new red blood cells every second 





Muscle 
The quadriceps muscle 
group runs down the 

front of the femur and 
finishes in a tendon 
attached to the knee cap. ’ 
























Artery 


The femoral artery 
supplies blood to the 
lower leg, and its 
branches travel around 
the knee joint and over 
the patella. 


Why our joints crack 


The synovial fluid used to lubricate 
the joints contains dissolved 
gasses. The fluid is sealed withina 
capsule, so ifthe joint is stretched, 
the capsule also stretches, creating 
avacuum as the pressure changes, 
and pulling the gas out of solution 
and into a bubble, which pops, 
producing a cracking sound. 


Synovial membrane 
The membrane surrounding the 
interior of the joint produces a 
lubricant called synovial fluid. 


Knee cap 

The patella prevents the 
tendons at the front of the 
leg from wearing away at 
the joint. 


<——___________ Patellar ligament 


External 


ligaments 
The joint is held 
together by four 
ligaments that A 
connect the femur | 
to the bones of the _ 


lower leg. | 





ibula - 
The end of the fibula 
(calf bone) has two 

rounded bumps that 
areseparatedbya : 
deep groove. 















Tibia 

The rounded 
ends of the fibula 
fit in to two 
concave slots at 
the top of the 
tibia (shin bone). 











The patellar ligament connects 
the kneecap to both the 
quadriceps in the thigh and the 
tibia in the lower leg. 


Ligament 












Synovial 
membrane 


Capsule 


Inside a joint 


Cartilage 
Synovial fluid 


Synovial joints prevent mobile areas of the skeleton from 


grinding against one another as they move. The two bon 
are loosely connected by strips of connective tissue calle 


es 
d 


tendons, and the two ends are encased ina capsule that is 


lined by a synovial membrane. The bones are covered in 


smooth cartilage to prevent abrasion and the membrane 
produces a nourishing lubricant to ensure the joint is able 


to move smoothly. 


AT 
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Muscles are essential for us to 
operate on a daily basis, but how 
are they structured and how do 


they keep us moving 


muscle is a group of tissue fibres that 
contract and release to control movements 
within the body. We have three different 
types of muscles in our bodies - smooth muscle, 
cardiac muscle and skeletal muscle. 

Skeletal muscle, also known as striated muscle, is 
what we would commonly perceive as muscle, this 
being external muscles that are attached to the 
skeleton, such as biceps and deltoids. These 
muscles are connected to the skeleton with 
tendons. Cardiac muscle concerns the heart, which 
is crucial as it pumps blood around the body, 
supplying oxygen and ultimately energy to muscles, 
which allows them to operate. Smooth muscle, 
which is normally sheet muscle, is primarily 
involved in muscle contractions such as bladder 
control and oesophagus movements. These are 
often referred to as involuntary as we have little or 
no control over these muscles’ actions. 

Muscles control most functions within our 
bodies; release of waste products, breathing, 
seeing, eating and movement to name but a few. 
Actual muscle structure is quite complex, and each 
muscle is made up of numerous fibres which work 
together to give the muscle strength. Muscles 
increase in effectiveness and strength through 
exercise and growth and the main way this occurs 
is through small damage caused by each repetition 
of a muscle movement, which the body then 
automatically repairs and improves. 

More than 640 muscles are actually present 
across your entire body working to enable your 
limbs to work, control bodily functions and shape 
the body asa whole. 













6. Abdominal muscles 
‘Abs’ are often built up by body 
builders and support the body core. 
They are also referred to as core 
muscles and are important in 
sports such as rowing and yoga. 


7. Quadriceps 
The large fleshy muscle 
group covering the front 
and sides of the thigh. 


8. Gluteus maximus 
The biggest muscle in the body, 
this is primarily used to move 
the thighs back and forth. 


9. Hamstrings 

Refers to one of the three 
posterior thigh muscles, or to the 
tendons that make up the borders 
of the space behind the knee. 


“More than 300 Individual muscles 
gre present across your body to 
enable your limbs to work” 
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DID YOU KNOW? Skeletal muscles account for aground 40 per cent of your total body mass 








What affects our How does the 
muscle strength? arm flex? 





















7 ae tretch How Samant wearelsa Bi d tri ir of les that work togeth 
ese muscles stretch across 7 1 1ceps and triceps are a palr Ol Muscles that Work together 
the shoulders and aid lifting. combination of nature and nurture to move the arm up and down. As the bicep contracts, the 
2. Trapezius Muscle strength refers to the amount of force that a triceps will relax and stretch out and consequently the 
fies chet eelimwieceantne realotcrel eKercDom oy aeLeRU(acMmnUaveleMeyoLcveclavereecumontebeneelenen arm will move upwards. When the arm needs to move 
back of the neck and the upper capacity, in one contraction. Size and structure of down, the opposite will occur - with the triceps 
part of the thorax, or chest. the muscle is important for muscle strength, with contracting and the bicep relaxing and being forcibly 
3. Pectoralis major strength being measured in several ways. stretched out by the triceps. The bicep issonameda flexor 
anon nics eines Consequently, it is hard to definitively state which as itbends a joint, and triceps would be the extensor as it 
ee Sue cp meecaices muscle is actually strongest. straightens the joint out. Neither of these muscles can push 
ee aa ee We have two types of muscle fibre - one that themselves straight, they depend on the other to oppose 
supports long, constant usage exerting low levels of their movements and stretch them out. Many muscles 
4. Biceps/triceps pressure, and one that supports brief, high levels of therefore work in pairs, so-called antagonistic muscles. 
These arm muscles work force. The latter is used during anaerobic activity 
together to lift the arm up and down. and these fibres respond better to muscle building. : = ———=, 
Each one contracts, causing movement Genetics can affect muscle strength, as can usage, 1. Tricep relaxes : | 


in the opposite direction to the other. 






diet and exercise regimes. Contractions of muscles 2. Bicep contracts | 
5. Latissmus dorsi cause injuries in the muscle fibres and it is the , h 
A, Also referred to as the ‘lats’, these healing of these that actually create muscle strength : 
; *, muscles are again built up during as the injuries are repaired and overall strengthen 





weight training and are used to id aXepeslelsyalcen \ | , | 
%, pull down objects from above. | 


“Tendons attach muscles “~~ \/ ¥ 
such as biceps to bones, 
gllowing muscles to move 
elements Of GUE DOCU” bicep retaes 


What are muscles made up of? =" 


3. Arm curls ——>_ 


Muscles are made up of numerous cylindrical Blood vessels and nerves also run through Meee: | Ss 2. Tricep contracts 
fibres, which work together to contract and the connective tissue to give energy to the aie 
control parts of the body. Muscle fibres are muscle and allow feedback to be sent to the 


bound together by the perimysium into small brain. Tendons attach muscles such as biceps 


bundles, which are then grouped together by and triceps to bones, allowing muscles to move What iSa pulled muscle, 
the epimysium to form the actual muscle. elements of our body as we wish. and how does it happen? 
a 


Epimysium Blood vessel Perimysium 


° 7 
The external layer that covers the This provides oxygen and allows This layer groups They hurt like ClaZy SO here S why 
muscle overall and keeps the bundles the muscle to access energy for together muscle fibres ts important to warm up 
of muscle fibres together. —~ muscle operation. within the muscle. 


Apulled muscle is a tear in muscle fibres. Sudden 
movements commonly cause pulled muscles, and when an 
individual has not warmed up appropriately before 
exercise or is unfit, a tear can occur as the muscle is not 
prepared for usage. The most common muscle to be pulled 
isthe hamstring, a Mra ae 
which stretches from | 


Ah 
33," 
Men 
a 


he 
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the buttock to the 
Filaments knee. A pulled . 
Myofibrils are constructed muscle may result in 
of filaments, which are swelling and the pain 
made up of the proteins can last for several 
actin and myosin. days before the fibres 
can repair 
Endomysium themselves. To 
This layer surrounds prevent pulling 
each singular muscle muscles, warming up 
: fibre and keeps the is advised before 
Tendon Myofibril myofibril ae doing any kind of 
These attach muscle to bones, which in Located within the single muscle fibres, grouped together. physical Sy arHOTL 
turn enables the muscles to move parts myofibrils are bundles of actomyosin 
of the body around (off image). filaments. They are crucial for contraction. 
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Skin senses 


HUMAN ANATOMY 


How does your skin pick up signals 


from the outside world? 


he skin uses different detectors (called 
sensory receptors) to tell the difference 
between pressure and pain, hot and cold, 
anda light brush versus a hard poke. These 
receptors are specially adapted nerve endings, 
and many are wrapped in layers of tissue, 
helping them to function in various ways. They 
are located in different numbers across your 


Under the skin 


Different receptors take responsibility 





Vibration 


for detecting different aspects of touch 
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Hard touch 


Meissner 
corpuscles 
These sit in the bumps and 
ridges beneath the top 
layer of skin on the hands 
and the soles of the feet. 
They are sensitive to 
pressure and vibrations, 
which is useful for 
detecting texture. 


Pacinian 
corpuscles 
These are the largest of 
the sensory detectors in 
the skin. They sit deep 
below the surface, and 
are equipped to 
respond to fast 
vibration, deep pressure 
and tickles. 


body, with more in your hands, feet 
and lips than anywhere else. Some 
respond quickly before stopping, 
allowing you to grow accustomed to 
sensations that don’t need constant 
monitoring, like the feeling of your clothes 
against your skin. Others are slow to stop 
signalling, so you remain aware of the sensation. 











Light pressure 


Merkel’s 
discs 
There are lots of these in 
the fingertips and lips, 
and they are good at 
sensing light pressure. 
They are particularly 
important for working 
out the shape and 
texture of objects. 





Temperature 


Free nerve 
endings 
Lots of the nerve endings 
under the skin aren’t 
buried inside specific 
structures. These ‘free’ 
endings mainly detect 
pain, but some pick up on 
sensations such as 
pressure or temperature. 
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DID YOU KNOW? The average person's skin covers an area of two square metres 


Under the skin 


Find out more about the largest organ in your body... 
































ur skin is the largest organ in our bodies with an 1. Epidermis 3. Nerve ending 5. Subcutaneous 
average individual skin’s surface area measuring This is the top, protective layer. It Situated within the dermis, nerve tissue 
: The | f fat found in th 
around twos quare metres an daccountin g for up to is waterproof and protects the endings allow us to sense temperature, e ayer of fa ; ound in the 
body against UV light, disease and pain and pressure. This gives us hypodermis that is present to 
16 per cent of total body weight. Itis made up of three dehydration among other things. information on our environment and prevent heat loss and protect 
distinct layers. These are the epidermis, the dermis and the stops us hurting ourselves. bone and muscle from 
: ; ; ; ~ d .Itis al 
hypodermis and they all have differing functions. Humans — i ia aa cass 
s ——— . ’ energy source. 
are rare in that we can see these layers distinctly. <a | 
The epidermis is the top, waterproofing layer. Alongside 2. Dermis 
helping to regulate temperature of the body, the epidermis The layer that nourishes and 


also protects against infection asitstops pathogens entering —_helps maintain the epidermis, 
ad the dermis houses hair 
the body. Although generally referred to as one layer, it is . 
roots, nerve endings 
actually made up of five. The top layers are actually dead and sweat glands. 
keratin-filled cells which prevent water loss and provide 
protection against the environment, but the lower levels, 
where new skin cells are produced, are nourished by the 
dermis. In other species, such as amphibians, the 
epidermis consists of only live skin cells. In these 
cases, the skin is generally 
permeable and actually may 


bea major respiratory organ. 


fa — 


4, 


The dermis has the Hex 
connective tissue and nerve i 
endings, contains hair 


follicles, sweat glands, 
lymphaticand blood vessels. 
The top layer of the dermis is 
ridged and interconnects 
securely with the epidermis. 
Although the hypodermis 
is not actually considered 
part of the skin, its purpose 
is to connect the upper 
layers of skin to the body’s 
underlying bone and 
muscle. Blood vessels and 
nerves pass through this 







layer to the dermis. 

This layer is actually 

crucial for all of “on 4. Pore 

the skins temperature Used for temperature 

regulation, as it contains ee ° 
where sweat is 

50 per cent ofa healthy secreted to cool the 

adult's body fat in body down when it is 


becoming too hot. 


your 


subcutaneous tissue. These kinds 

of layers are not often seen in other 

species, humans being one of few that you 

can see the distinct layers within the skin. Not 
only does the skin offer protection for muscle, bone 


he 
and internal organs, but it is our protective barrier ski in Works 
against the environment. Temperature regulation, 


insulation, excretion of sweat and sensation are just a few The skin is made of Many more elements 
more functions of skin. than most people Imagine 
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The human heartbeat 


How one of your hardest-working muscles keeps your blood pumping 


our heart began to beat when you were 

a four-week-old foetus in the womb. 

Over the course of the average lifetime, 
it will beat over 2 billion times. 

The heart is composed of four chambers 
separated into two sides. The right side receives 
deoxygenated blood from the body, and pumps 
it towards the lungs, where it picks up oxygen 
from the air you breathe. The oxygenated blood 
returns to the left side of the heart, where it is 
sent through the circulatory system, delivering 
oxygen and nutrients around the body. 


The cardiac cycle 


A single heartbeat is a series of 
organised steps that maximise 
blood-pumping efficiency 





SS 
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Right atrium 
Deoxygenated blood from 
the rest of the body 
enters the chamber via 
the superior and inferior 
vena Cava. 


Diastole 
The cardiac muscle 
cells are relaxed, 


the ventricles freely. 


OZ 


Left atrium 

Oxygenated blood arrives from 
the lungs via the pulmonary vein 
and flows into this chamber. 


allowing blood to enter 


The pumping action of the heart is 
coordinated by muscular contractions that are 
generated by electrical currents. These currents 
regularly trigger cardiac contractions known as 
systole. The upper chambers, or atria, which 
receive blood arriving at the heart, contract 
first. This forces blood to the lower, more 
muscular chambers, known as ventricles, 
which then contract to push blood out to the 
body. Following a brief stage where the heart 
tissue relaxes, known as diastole, the cycle 
begins again. 
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The heart consists of four chambers, 

separated into two sides 





Atrial systole 

The atria contract, decreasing 
in volume and squeezing blood 
through to the ventricles. 


\ I | 
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Blood enters the 
ventricles 

The blood moves down into 
the ventricular chamber due 
to a difference in pressure. 














Ventricular septum 

A thick, muscular wall 
separates the two ventricular 
chambers of the heart. 


Closure of 
cuspid valves 
The valves snap 
shut to prevent the 
blood flowing back 
into the atria. 


Atrial diastole 
The electrical 
current moves past 
the atria and the 
muscles relax. 


_ secretion is governed by the © 
b. Bie a\Veve)aar-lf-laalels 


Blood enters 
the atria 
Circulated blood 





returns to the atrium 
to begin a new cycle. 


Thick muscle tissue 
The more muscular tissue of 
the ventricles allows blood 
to be pumped at a higher 
pressure than the atria. 





Ventricular systole 
The ventricles contract, 
increasing pressure as 
the volume of the 
chambers decreases. 
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Semi-lunar valves open 

The pressure in the chambers forces 
blood through the valves and into the 
aorta and pulmonary artery. 
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Anatomy of facial 
expressions 





Corrugator 
supercilii 

The aptly named 
‘corrugator’ knits the 
brows into a frown. 





Does it really take more muscles 


to frown than to smile? 


he 43 muscles of the face sit just under the 

skin. At one end, they are attached to 

bone, or sheets of tissue known as fascia, 
and, unlike any other muscles in the body, they 
join directly to the skin at the other end. 

We can sort our facial muscles into three 
groups: the orbital group, the nasal group and 
the oral group. Together, they enable us to make 
four core expressions: happy, sad, afraid and 
angry, and over 20 combined expressions. 

There are two muscles in the orbital group - 
the orbicularis oculi, which surrounds the eye 
socket, and the corrugator supercilii, which 
controls the eyebrow. The first is responsible for 
blinking and winking, and the second contracts 
to pull the eyebrows together into a frown. 

We don't have a lot of control over the 
movement of the muscles around our nose, but 
the nasalis is the biggest, and with help from the 
depressor septi it flares the nostrils. The 
procerus runs from the top ofthe nose to the 
forehead, and it can pull the eyebrows down. 

Finally, there are the oral muscles. The two 
major ones are the orbicularis oris, which 
surrounds the mouth and contracts to purse and 
pucker the lips, and the buccinator running 
under the cheekbone. There are also two groups 
of smaller muscles, the upper and the lower 
groups, which control the fine movements of the 
facial tissue to form smiles and frowns. 


_ Frown 

=a It takes at least 

| three pairs of 
muscles to pull the 
lips into a frown. 


Smile 
It takes aminimum_ _- 
of five pairs of 
muscles to pull the 
lips into a smile. 
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Orbicularis oculi 
This muscle circles the 
eye and controls winking 
and blinking. 


| I] . 


\ 
| Procerus 


' ' The procerus pulls the 
ew AZeN 
re : 


eyebrows down for an 
y | 


angry facial expression. 
At [ \ 


















Nasalis 

The muscles around the 
nose aren’t much use for 
humans, but this one 
can flare the nostrils. 


Zygomaticus 
major 

This muscle pulls 
the corners of the 
mouth up and out 
into a smile. 


Orbicularis oris 
This muscle surrounds 
the mouth and helps 
pucker the lips for a kiss. | 


Depressor angulli oris 
This muscle connects the 
lower jaw to the edge of the 
mouth, and can pull the 
corner down into a sad face. 
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How the spleen wo 





Perhaps not as well known as famous organs like the heart, 


the spleen serves vital functions that help keep us healthy 


he spleen’s main functions are to remove old blood 

cells and fight off infection. Red blood cells have an 

average life span of 120 days. Most are created from the 
marrow of long bones, such as the femur. When they’re old, 
it’s the spleen’s job to identify them, filter them out and then 
break them down. The smaller particles are then sent back 
into the bloodstream, and either recycled or excreted from 
other parts of the body. This takes place in the ‘red pulp’, 
which are blood vessel-rich areas of the spleen that make up 
about three-quarters of its structure. 

The remainder is called ‘white pulp’, which are areas filled 
with different types of immune cell (such as lymphocytes). 
They filter out and destroy foreign pathogens, which have 
invaded the body and are circulating in the blood. The white 
pulp breaks them down into smaller, harmless particles. 

It is surrounded by a thin, fragile capsule and so is prone to 
injury. It sits beneath the lower ribs on the left-hand side of 
your body, which affords it some protection, but car crashes, 
major sports impacts and knife wounds can all rupture the 
organ. In the most serious cases, blood loss can endanger the 
person’s life, and in these situations it needs to be removed by 
a surgeon. Since this reduces the body’s ability to fight 
infections, some people will need to take antibiotics to boost 
their immunity for the rest of their lives. 


Inside the spleen 


We take you ona tour ofthe 
major features in this often- 
overlooked organ 


Hilum 

The entrance to the spleen, 
this is where the splenic artery 
divides into smaller branches 
and the splenic vein is formed 
from its tributaries. 


Splenic artery 

The spleen receives a blood 
supply via this artery, 
which arises from a branch 
of the aorta called the 
coeliac trunk. 


Location 

The spleen sits underneath the 
9th, 10th and 11th ribs (below 
the diaphragm) on the 
left-hand side of the body, 
which provides it with some 
protection against knocks. 


Splenic vein 
The waste products 
Li from filtration and 

, pathogen digestion 
are returned to the main 
circulation via this vein 








White pulp 
Making up roughly a 
quarter of the spleen, 
the white pulp is 
where white blood 
cells identify and 
destroy any type of 
invading pathogens. 


Red pulp 

Forming approximately 
three-quarters of the 
spleen, the red pulp is 
where red blood cells are 
filtered and broken down. 


NX 








for disposal. 
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© 
Splenic capsule 


The capsule provides some 
protection, but it’s thin 

and relatively weak. Strong 
blows or knife wounds can 

easily rupture it and lead to 
life-threatening bleeding. 


: Sinusoid 
| Similar to those found in the 
liver, these capillaries allow 
for the easy passage of 
large cells into the splenic 
tissue for processing. 
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Kidney 
function 


How do your kidneys filter P 
waste from the blood to 





keep you alive? 


idneys are two bean-shaped organs 

situated halfway down the back just 

under the ribcage, on each side of the 
body, and weigh between 115 and170 grams 
each, dependent on the individual's sex and 
size. The left kidney is commonly a little larger 
than the right and due to the effectiveness of 
these organs, individuals born with only one 
kidney can survive with little or no adverse 
health problems. Indeed, the body can 
operate normally with a 30-40 per cent decline 
in kidney function. This decline in function 
would rarely even be noticeable and shows 
just how effective the kidneys are at filtering 
out waste products as well as maintaining 
mineral levels and blood pressure throughout 
the body. The kidneys manage to control all of 
this by working with other organs and glands 
across the body such as the hypothalamus, 
which helps the kidneys determine and 
control water levels in the body. 

Each day the kidneys will filter betweena 
staggering 150 and 180 litres of blood, but only 
pass around two litres of waste down the 
ureters to the bladder for excretion. This waste 
product is primarily urea -a by-product of 
protein being broken down for energy - and 
water, and it’s more commonly known as 
‘urine’. The kidneys filter the blood by passing 
it through asmall filtering unit calleda 
nephron. Each kidney has around a million of 
these, which are made up of a number of 
small blood capillaries, called glomerulus, 
anda urine-collecting tube called the renal 
tubule. The glomerulus sift the normal cells 
and proteins from the blood and then move 
the waste products into the renal tubule, 
which transports urine down into the bladder 
through the ureters. 

Alongside this, the kidneys also release 
three hormones (known as erythropoietin, 
renin and calcitriol) which encourage red 
blood cell production, aid regulation of blood 
pressure and aid bone development and 
mineral balance respectively. 
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Inside 
your kidney 


As blood enters the kidneys, itis passed througha 
nephron, a tiny unit made up of blood capillaries anda 
waste-transporting tube. These work together to filter the 
blood, returning clean blood to the heart and lungs for 
re-oxygenation and recirculation and removing 

waste to the bladder for excretion. 








Renal cortex 

This is one of two broad internal 
sections of the kidney, the other being 
the renal medulla. The renal tubules are 
situated here in the protrusions that sit 
between the pyramids and secure the 
cortex and medulla together. 


Renal artery 

This artery supplies the 
kidney with blood that 
is to be filtered. 


Renal vein 
After waste has 
been removed, the 
clean blood is 


passed out of the 
kidney via the 
renal vein. 
# 
We 
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Ureter Renal pelvis Renal medulla Renal 
The tube that This funnel-like structure is The kidney’s inner section, where blood is capsule 
transports the waste how urine travels out of the filtered after passing through numerous The kidney’s fibrous outer 
products (urine) to kidney and forms the top part J arterioles. It’s split into sections called edge, which provides 


<=) « 
- 


of the ureter, which takes eee 
urine down to the bladder. 


the bladder following 
blood filtration. 


protection for the 
kidney’s internal fibres. 


pyramids and each human kidney will 
normally have seven of these. 


DID YOU KNOW? Weare able to function with one kidney, which is why we can donate them easily to others 
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| Nephrons - the filtration collecting The glomerulus 

ui n its of the kid ney eae rie oh This group of capillaries is the first step of 

l a Proximal tubule technically part of the filtration anda crucial aspect ofa nephron. 

Nephrons are the units which filter all blood that passes anon eae nephron. thiscollectsall As blood enters the kidneys via the renal 

, _ through the kidneys. There are around a million in each andthe conor denies waste product filtered artery, itis passed down througha series of 

i kidney, situated in the renal medulla’s pyramid structures. and will selectively by the nephrons and arterioles which eventually lead to the 

1 As wellas filtering waste, nephrons regulate waterand mineral _ reabsorb minerals from facilitates its removal glomerulus. This is unusual, as instead of 

, _ salt by recirculating what is needed and excreting the rest. the filtrate produced by from the kidneys. draining into a venule (which would lead 

[ = Powinan'> Capsule: | back to a vein) it drains back into an 

[ -" arteriole, which creates much higher 
ane pressure than normally seen in capillaries, 


\ @ which in turn forces soluble materials 
and fluids out of the capillaries. This process 
, is knownas ultrafiltration and is the first 
High pressure in the ae : 
[7 glomerulus, caused by it step in filtration of the blood. These then 
{| draining into an arteriole pass through the Bowman's capsule 
i @ instead of a venule, (also knowas the glomerular capsule) for 


{forces fluids and soluble further filtration. 
materials out of the 

Y | capillary and into Afferent arteriole Proximal tubule 

- Bowman's capsule. This arteriole supplies the Where reabsorption of 

|) blood to the glomerulus minerals from the 

Y for filtration. filtrate from Bowman's 

capsule will occur. 


| Glomerulus 
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or Bowman's 
a 4 capsule 
| Also known as the 
y glomerular capsule, this 
filters the fluid that has 
been expelled from the 
glomerulus. Resulting 
filtrate is passed along 
the nephron and 
will eventually make 
up urine. 
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This mass of 
capillaries is the 
glomerulus. 


Distal 
convoluted 


tubule 

Partly responsible 
for the regulation of 
minerals in the 
blood, linking to the 


collecting duct Bowman’s 


Syerein. Siwanted Efferent arteriole capsule 
minerals are This arteriole is how This is the surrounding 
excreted from blood leaves the capsule that will filter 

the nephron. glomerulus following the filtrate produced by 
ultrafiltration. the glomerulus. 





Renal artery 
This artery supplies the 
kidney with blood. The 
blood travels through 
this, into arterioles as you 
travel into the kidney, 
until the blood reaches 
the glomerulus. 


| What is urine and what 
N is it made of? 


Urine is made up ofa range of organic 
compounds such as various proteins and 
hormones, inorganic salts and 
numerous metabolites. These are often 

: rich in nitrogen and need to be removed 
=> from the blood stream through 

7 urination. The pH-level of urine is 
typically around neutral (pH7) but 

varies depending on diet, hydration 


94% water 


Renal vein 
This removes blood that has 
been filtered from the kidney. 


a | Renal tubule levels and physical fitness. The colour of 
Loop of Henle ®& Made up of three parts, the proximal urine is also determined by all of these 
The loop of Henle controls the mineral and tubule, the loop of Henle and the distal different factors playing a part, with 
water concentration levels within the kidney convoluted tubule. They remove waste darl-yellow urine indicating dehydration 


to aid filtration of fluids as necessary. It also SiMe DSO Neral ovale uate and greenish urine being indicative of 6% other organic 


controls urine concentration. Bases cre RON Me cae excessive asparagus consumption. compounds 
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How the liver works 


1 ’ he liver is actually the largest internal organin responsible for breaking down complex fat molecules and 
The human liver is neti a bee ile aamengare 
: the human body and, has over 500 different building them up into cholesterol and triglycerides, which 
the ultimate functions. In fact, itis actually the second most the body needs but in excess are bad. The liver makes 


multitasker - it 


complex organ after the brain andisintrinsicallyinvolved | manycomplex proteins, including clotting factors which 


in almost every aspect of the body’s metabolic processes. are vital in arresting bleeding. Bile, which helps digest fat 
performs many cia ea pinnae! - sec prnnG ann nL Neen ama 
i / The liver’s main functions are energy production, in the intestines, is produced in the liver and storedin the 
different functions removal of harmful substances and the production of adjacent gallbladder. 
all at the SamMe time crucial proteins. These tasks are carried out within liver The liver also plays a key role in detoxifying the blood. 
- cells, called hepatocytes, which sit in complex Waste products, toxins and drugs are processed here into 
without you ee ae _ i pape 
. arrangements to maximise their overall efficiency. forms which are easier for the rest of the body to use or 
even asking The liver is the body’s main powerhouse, producing excrete. The liver also breaks down old blood cells, 


The hepatobiliary 


region 


Two halves 

The liver is anatomically split 
into two halves: left and right. 
There are four lobes, and the 
right lobe is the largest. 


The gallbladder 


The gallbladder and liver 
are intimately related. Bile, 
which helps digest fat, is 
produced in the liver and 
stored in the gallbladder. 


The common bile duct 


This duct is small, but vital in 


the human body. It carries bile 


from the liver and gallbladder 
into the duodenum where it 
helps digest fat. 


Feel your liver 

Take a deep breath in and feel 
just under the right lower 
edge of your ribs - in some 
people the lower edge of the 
liver can be felt. 
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and storing glucose as a key energy source. It is also produces antibodies to fight infection and recycles 


































Eight segments 
Functionally, there are eight segments of the liver, 
which are based upon the distribution of veins 
draining these segments. 


The 
portal triad 


The common bile duct, 
hepatic artery and hepatic 
portal vein form the portal 
triad, which are the vital 
inflows and outflows for 


this liver. 

. Digestion 

The biggest organ Once nutrients from food have 
The liver is the largest of q y | | been absorbed in the small 
the internal organs, sitting in the iy — | intestine, they are transported 
right upper quadrant of the abdomen, nla | wo, | | to the liver via the hepatic 


just under the rib cage and attached to 
the underside of the diaphragm. 


portal vein (not shown here) 
for energy production. 


hormones such as adrenaline. Numerous essential 
vitamins and minerals are stored in the liver: vitamins A, 
D,EandK, iron and copper. 

Such a complex organ is also unfortunately prone to 
diseases. Cancers, infections (hepatitis) and cirrhosis (a 
form of fibrosis which is often caused by excess alcohol 
consumption) are just some of those which can affect 
the liver. 


Liver lobules 


The functional unit which performs the liver’s tasks 


The liver is considered a ‘chemical 
factory,’ as it forms large complex 
molecules from smaller ones brought to 
it from the gut via the blood stream. The 
functional unit of the liver is the lobule 


structures comprising of blood vessels 
and sinusoids. Sinusoids are the 
specialised areas where blood comes 
into contact with the hepatocytes, 
where the liver’s biological processes 


— these are hexagonal-shaped take place. 
1. The lobule 
This arrangement of blood 
' : vessels, bile ducts and 
3. Sinusoids hereiscres crate 2. The hepatocyte 





The gallbladder 


Bile, a dark green slimy liquid, is produced in the 
hepatocytes and helps to digest fat. Itis storedina 
reservoir which sits on the under-surface of the liver, 
to be used when needed. This reservoir is called the 
gallbladder. Stones can form in the gallbladder 
(gallstones) and are very common, although most 
don’t cause problems. In 2009, just under 60,000 
gallbladders were removed from patients within the 
NHS making it one of the most common operations 
performed; over 90 per cent of these are removed via 
keyhole surgery. Most patients do very well without 
their gallbladder and don’t notice any changesat all. 


These blood filled 
channels are lined by 
hepatocytes and provide 
the site of transfer of 
molecules between blood 
and liver cells. 


functional unit of the liver. 


These highly active cells 
perform all of the liver’s 
key metabolic tasks. 


4. Kupffer cells 


These specialised cells sit 
within the sinusoids and 
destroy any bacteria which 


9. Central vein 
Blood from sinusoids, now 
containing all of its new 
molecules, flows into 
central veins which then 
flow into larger hepatic 
veins. These drain into 

the heart via the 

inferior vena cava. 


8. The portal triad 





















The hepatic artery, portal vein and bile duct are known as 
the portal triad. These sit at the edges of the liver lobule 
and are the main entry and exit routes for the liver. 


are contaminating blood. 


5. Hepatic 
artery branch 


Blood from here supplies 
oxygen to hepatocytes and 


carries metabolic waste 
which the liver extracts. 


6. Bile duct 


Bile, which helps digest 
fat, is made in 
hepatocytes and 
secreted into bile ducts. 
It then flows into the 
gallbladder for storage 
before being 
secreted 
into the 
duodenum. 


7. Portal vein 


This vein carries nutrient-rich blood 
directly from the intestines, which 
flows into sinusoids for conversion 

into energy within hepatocytes. 
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Exploring the 
small intestine 





The surface area of 


the small intestine 








Crucial for getting the nutrients we need from the food 
we eat, how does this digestive organ work? 


he small intestine is actually one of the most 

important elements of our digestive system, 

which enables us to process food and absorb 
nutrients. On average, it sits at a little over six metres, 
that is 19.7 feet, long with a diameter of 2.5-3 
centimetres, 1-1.2 inches. The small intestine is made 
up of three different distinctive parts: the 
duodenum, jejunum and the ileum. 

The duodenum actually connects the small 
intestine to the stomach andis the key place for 
further enzyme breakdown, following already 
passing through the stomach, turning food into an 
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amino acid state. While the duodenum is very 
important in breaking food down, using bile and 
enzymes from the gallbladder, liver and pancreas, it 
is actually the shortest element of the small bowel, 
only averaging about 30 centimetres, which is just 
11.8 inches. 

The jejunum follows the duodenum andits 
primary function is to encourage absorption of 
carbohydrates and proteins by passing the 
broken-down food molecules through an area with 
a large surface area so they can enter the 
bloodstream. Villi-small finger-like structures 





Structure of the 
small intestine 


Examine the anatomy ofthis vital 
organ in the human digestive tract 


Lumen 
This is the space inside the 
small intestine in which the 
food travels to be digested 
and absorbed. 


Mucosa 

The internal lining of the 
small intestine where the 
plicae circulares (mucosal 


folds) and villi are situated. 
Mucosal folds 


These line the small 
intestine to increase 
surface area and help 
push the food on its way 
by creating a valve-like 
structure, stopping food 
travelling backwards. 


Submucosathis 
supports the mucosa and 
connects it to the layers of 
muscle (muscularis) that 
make up the exterior of the 
small intestine. 


-—and mucosal folds line the passage and increase 
the surface area dramatically to aid this process. 

The ileum is the final section of the small bowel 
and its main purpose is to catch nutrients that may 
have been missed, as well as absorbing vitamin B12 
and bile salts. 

Peristalsis is the movement used by the small 
intestine to push the food through to the large 
bowel, where waste matter is stored for a short 
period then disposed ofvia the colon. This process is 
automatically generated by a series of different 
muscles which make up the organ’s outer wall. 


Circular 
muscle layer 
This works in partnership 
with the longitudinal 
muscle layer to push the 
food down via a process 
called peristalsis. 


Microvilli 
These area 
mini version 

of villi and sit on 
villi’s individual 
epithelial cells. 


Capillary bed 

These absorb simple 
sugars and amino acids as 
they pass through the 
epithelial tissue of the villi. 


Nutrients 


Serosa 

This protective outer layer stops 
the small intestine from being 
damaged by other organs. 





Nutrients move through , Blood vessels 
the tube-like organ to be These sit close to the small intestine 


diffused into the body, to allow easy diffusion of nutrients 
mainly via the bloodstream. into the bloodstream. 





Longitudinal 
muscle layer 
This contracts and extends 


to help transport food with 
the circular muscle layer. 


A closer look at villi 


Villi What role do these little finger-like 
Villi are tiny finger-like : : 7 
structures that sit all over protrusions play in the bowel: 
the mucosa. They help Epithelium Lacteal 
increase the surface area (epithelial cells) The lacteal is a 
massively, alongside the These individual cells that Mucosa lymphatic capillary 
mucosal folds. sit in the mucosa layer The lining of the small that absorbs nutrients 

are where individual intestine on which that can’t pass directly 

microvilli extend from. villi are located. into the bloodstream. 
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1uman 
ribcage 





Ribs are not merely armour for the organs inside 
our torsos, as we reveal here... 


he ribcage - also known as the thoracic cage 

or thoracic basket - is easily thought of as 

just a framework protecting your lungs, 
heart and other major organs. Although that is one 
key function, the ribcage does so much more. It 
provides vital support as part of the skeleton and, 
simply put, breathing wouldn't actually be possible 
without it. 

Allthis means that the ribcage has to be flexible. 
The conical structure isn’t just a rigid system of 
bone - it’s actually both bone and cartilage. The 
ribcage comprises 24 ribs, joining in the back to 
the 12 vertebrae making up the middle of the 
spinal column. 

The cartilage portions of the ribs meet in the 
front at the long, flat three-bone plate called the 
sternum (breastbone). Or rather, most of them do. 


62 


Rib pairs one through seven are called ‘true ribs’ 
because they attach directly to the sternum. Rib 
pairs eight through ten attach indirectly through 
other cartilage structures, so they’re referred to as 
‘false ribs’. The final two pairs - the ‘floating ribs’ - 
hang unattached to the sternum. 

Rib fractures area common andvery painful 
injury, with the middle ribs the most likely ones 
to get broken. A fractured rib can be very 
dangerous, because a sharp piece could pierce the 
heart or lungs. 

There’s also a condition called flail chest, in 
which several ribs break and then detach from the 
cage, which can even be fatal. But otherwise 
there’s not much you can do to mend a fractured rib 
other than keep it stabilised, resting and giving it 
time to heal. 


Inside the thoracic cavity 


It may not look like it at first glance, 
but there are more than two dozen 
bones that make up the ribcage... 


Clavicle 

Also known as the 
collarbone, this pair of 
long bones is a support 
between the sternum 
and the shoulder blades. 


True ribs 

Rib pairs one through 
seven attach to the 
sternum directly via 
a piece of cartilage. 


False ribs 

Rib pairs eight 
through ten connect 
to the sternum via a 
structure made of 
cartilage linked to the 
seventh true rib. 








DID YOU KNOW? The condition known as flail chest ts fatal in almost 50 per cent of cases 





Manubrium 


_ 
This broadest and thickest part Breathe in, 


of the sternum connects with 


the clavicles and the cartilage breathe out. =n 


for the first pair of ribs. 








Consciously take in a breath, and think about the 
fact that there are ten different muscle groups 
working together to make it happen. The 
muscles that move the ribcage itself are the 
intercostal muscles. They are each attached to 
the ribs and run between them. As you inhale, 
the external intercostals raise the ribs and 
sternum so your lungs can expand, while your 
diaphragm lowers and flattens. The internal 
intercostals lower the ribcage when you exhale. 
This forces the lungs to compress and release air 
(working in tandem with seven other muscles). If 
you breathe out gently, it’s a passive process 
that doesn’t require much ribcage movement. 







Inhalation Contraction 
As you inhale, The diaphragm contracts by 
the intercostal moving downward, allowing 
Sternal angle muscles the lungs to fill with air. 
This is the angle formed by contract to 
the joint between the expand 
manubrium and the body, and lift the 


often used as a sort of ribcage. 
‘landmark’ by physicians. 


Body 

The main body of the 
sternum (breastbone) is 
almost flat, with three 
ridges running across its 
surface and cavities for the 
cartilage attaching to rib 
pairs three through seven. 


<—_____—— Floating ribs 
(not shown) 

Pairs 11-12 are only attached 

to the vertebrae, not the 

sternum, so are often called 

the floating, or free, ribs. 





Xiphoid process 
This extension from the 
sternum starts as cartilage, 
but hardens to bone and 
ee fuses to the rest of the 

ave breastbone in adulthood. 








a 


Ribs in other animals 





Most vertebrates (ie animals with another with hook-like structures 
backbones) have a ribcage of sorts called uncinate processes, which oe 
- however, ribcages can be very add strength. Frogs don’t have any if 
different depending on the creature. — ribs, while turtles’ eight rib pairs are (A, ) 
For example, dogs and cats have 13 fused to the shell. A snake’s M\WOAMANLA LAWhATantl’s° 28 Ladin, 
pairs of ribs as opposed to our 12. ‘ribcage’, meanwhile, runs the 
Marsupials have fewer ribs than length of its body and can comprise 
humans, and some of those are so hundreds of pairs of ribs. Despite : : 
ane Exhalation Relaxation 
tiny they aren’t much more than the variations in appearance, , 
ieee : Z The intercostal muscles The diaphragm 
knobs of bone sticking out from the ribcages all serve the same basic ; oleae We erhale relaxes, moving 
vertebrae. Once you get into other functions for the most part: to | compressing and upward to force air 8 
vertebrates, the differences are provide support and protection to Ma i lowering the ribcage. out of the lungs. E 
lal 
© 


even greater. Birds’ ribs overlap one the rest of the body. 
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How the pancreas works 


Learn how the workhorse of the digestive system helps to 
break down food and control our blood sugar levels 








he pancreas is a pivotal organ within 

the digestive system. It sits inside the 

Fel ole (opens) am ols) apbelommalsucine)satsloeusnerel 
the large bowel, adjacent to the spleen. In 
Jalbbeet-betspuim ot. lox- Ww elcr-Kopmalcrelomeloloava-belome. bem ne 
is connected to the first section of the small 
intestine, the duodenum, by the pancreatic 
duct, and to the bloodstream via a rich 
network of vessels. When it comes to the 
function of the pancreas, it is best to think 
about the two types of cell it contains: 
endocrine and exocrine. 

The endocrine pancreas is made up of 
clusters of cells called islets of Langerhans, 
which in total contain approximately 1 
million cells and are responsible for 
producing hormones. These cells include 
alpha cells, which secrete glucagon, and 
beta cells which generate insulin. These two 
hormones have opposite effects on blood 
sugar levels throughout the body: glucagon 
increases glucose levels, while insulin 
decreases them. 

The cells here are all in contact with 
capillaries, so hormones which are 
Jo)aeletelecromercbemel-mictemobnac@uhapelionnel= 
bloodstream. Insulin secretion is under the 
(oo) om a0) Me) it- We al=rex- 1H AU ct Caxcxe | oy-Lelc@ Lele) opm ented al 
blood sugar will lead to insulin secretion, 
which then lowers blood sugar with 
subsequent suppression of insulin. 
Disorders of these cells (and thus alterations 
of the hormone levels) can lead to many 
serious conditions, including diabetes. The 
islets of Langerhans are also responsible for 
Jo) core lore batemeluelcymale)essleyalccwmelccs 
somatostatin, which governs nutrient 
absorption among many other things. 

The exocrine pancreas, meanwhile, is 


responsible for secreting digestive enzymes. 


Cells are arranged in clusters called acini, 
which flow into the central pancreatic duct. 
WM adtsu-t-Colspectnonmetcmelolole(-selobesmene)-Sameymnel) 
small bowel - to come into contact with and 
aid in the digestion of food. The enzymes 
secreted include proteases (to digest 
protein), lipases (for fat) and amylase (for 
sugar/starch). Secretion of these enzymes is 
controlled by a series of hormones, which 
are released from the stomach and 

oho Tolel=elobes@eea=isjoleelsicm nen elsecimaclneleBeceyecl 
the presence of food. 
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Anatomy of the pancreas 


It might not be the biggest organ but the pancreas is a key 
facilitator of how we absorb nutrients and stay energised 


eeelaleiq=ys) a (emel (eas 
VsViidaliameat=m ey-lalelast-loMmaalsmelle(sto1a hic 
enzymes are secreted into 

the pancreatic duct, — 
MV al (ovals (e)iassmeyaie) ia! 
dat-mexolanlanteya 
'e)| (wel U lois 


Ovelanlanceameyi(=melecors 
The pancreatic enzymes are 
nal coxemuUidame)i(cmicelanmuals 
gallbladder, which is all sent 
1da}celele|amanremere)anlaalelame)i(= 

(o [UCoam [nino mdat-MelUlole(-1al0laan 


Duodenum 

The pancreas empties 
its digestive enzymes 
Telcom uatsWal acim oy-|ameyi 
the small intestine. 


Head of the 
pancreas 

The head needs to be 
removed if it’s affected by 
fore] a(ex=) emVAT-Ireexe) gale) (=>, 
operation that involves the 
icessievorl(o)a me) manr-lal\vyaeluatcia 
adjacent structures. 


Yolo Ve) im Wala) 
pancreas 

The central body sits 
fo}amxe)oke)mual=Mantelial 
artery to the spleen. 






















Blood supply 

The pancreas derives its blood 
supply from a variety of sources, 
Tate [U(elTatemvcevsss1-] mae) alaliaremnomunrs) 
io) Ko) a ar-(evale-lalems)e)(2(-)0F 





Does the pancreas vary in 
humans and animals? 


Every vertebrate animal has a pancreas of some form, 
meaning they are all susceptible to diabetes too. The 
arrangement, however, varies from creature to creature. In 
humans, the pancreas is most often a single structure that sits 
at the back of the abdomen. In other animals, the arrangement 
varies from two or three masses of tissue scattered around 
the abdomen, to tissue interspersed within the connective 
tissue between the bowels, to small collections of tissue within 
the bowel mucosal wall itself. One of the other key differences 
is the number of ducts that connect the pancreas to the bowel. 
In most humans there’s only one duct, but occasionally there 
may be two or three - and sometimes even more. In other 
animals, the number is much more variable. However, the 
function is largely similar, where the pancreas secretes 
digestive enzymes and hormones to control blood sugar levels. 





" 





What brings on diabetes? 


Diabetes is a condition where a 
person has higher blood sugar than 
normal. It is either caused by a failure 
of the pancreas to produce insulin (ie 
type 1, or insulin-dependent diabetes 
mellitus), or resistance of the body’s 
cells to insulin present in the 
circulation (ie type 2, or non-insulin- 
dependent diabetes mellitus). There 
are also other disorders of the 


Beta cells 
It is the beta cells 


| 
within the islets of =f 
Langerhans which fy » 
control glucose %. _ 


levels and amount 
of insulin secretion 


High glucose 

When the levels of 

glucose within the 1 
bloodstream are high, (5) 
the glucose wants to 

move down its diffusion 
gradient into the cells. 


GLUT2 


This is a glucose- 


uptake of glucose 
into the cells. 


o | stored insulin into the 





Depolarisation 

The metabolism of glucose 
transporting channel, leads to changes in the 
which facilitates the polarity of the cell wall 

and an increase in the 
number of potassium ions. 


Tail of the pancreas 
Bi alicmcmeatsmlarem ele)adelane)i 
the organ and is positioned 
close to the spleen. 





pancreas. Inflammation of the organ 
(ie acute pancreatitis) causes severe 
pain in the upper abdomen, forcing 
most people to attend the emergency 
department as it can actually be life 
threatening. In contrast, cancer of the 
pancreas causes the individual 
gradually worsening pain which can 
commonly be mistaken for various 
other ailments. 














Insulin released 
The vesicle releases its 


blood capillaries 
through exocytosis. 








Calcium 
effects 

The calcium 
causes the 
vesicles that 
store insulin to 
move towards 
the cell wall. 






























Calcium channels 
Changes in potassium 
levels cause voltage-gated 
calcium channels to open in 
the cell wall, and calcium 
ions to flow into the cell. 
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The urinary 
system 








explained 


Every day the body produces waste 
products that enter the bloodstream 
— but how do we get rid of them? 


he human urinary system’s 

primary function is to remove 

by-products which remain in the 
blood after the body has metabolised 
food. The process is made up of several 
different key features. Generally, this 
system consists of two kidneys, two 
ureters, the bladder, two sphincter 
muscles (one internal, one external) 
and a urethra and these work alongside 
the intestines, lungs and skin, all of 
which excrete waste products from 
the body. 

The abdominal aorta is an important 
artery to the system as this feeds the 
renal artery and vein, which supply the 
kidneys with blood. This blood is filtered 
by the kidneys to remove waste products, 
such as urea which is formed through 
amino acid metabolism. Through 
communication with other areas of the 
body, such as the hypothalamus, the 
kidneys also control water levels inthe 
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body, sodium and potassium levels 
among other electrolytes, blood pressure, 
PH of the blood and are also involved in 
red blood cell production through the 
creation and release of the hormone 
erythropoietin. Consequently, they 

are absolutely crucial to optimum 

body operation. 

After blood has been filtered by 
the kidneys, the waste products then 
travel down the ureters to the bladder. 
The bladder’s walls expand out to 
hold the urine until the body can 
excrete the waste out through the 
urethra. The internal and external 
sphincters then control the release 
of urine. 

On average, a typical human will 
produce approximately a staggering 2.5-3 
litres of urine in just one day, although 
this can vary dramatically dependant on 
external factors such as how much water 
is consumed. 





Kidneys 

This is where liquids are 
filtered and nutrients are 
absorbed before urine 
exits into the ureters. 





Ureter 
These tubes link the 
kidneys and the bladder. 


Inferior vena cava 
This carries deoxygenated 
blood back from the kidneys 
to the right aorta of the heart. 


Abdominal aorta 
This artery supplies blood 
to the kidneys, via the renal 
artery and vein. This blood 
is then cleansed by 

the kidneys. 


Bladder 


This is where urine 
gathers after being 
passed down the 
ureters from 
the kidneys. 












DID YOU KNOW? On average, you make the same amount of urine in the day as in the night 


How do we store waste until 
we're ready to expel it? 


The bladder stores waste products by allowing the urine to enter 
through the ureter valves, which attach the ureter to the bladder. 
The walls relax as urine enters and this allows the bladder to 
stretch. When the bladder becomes full, the nerves in the bladder 
communicate with the brain and cause the individual to feel the 
urge to urinate. The internal and external sphincters will then 
relax, allowing urine to pass down the urethra. 


Bladder ae 
These tubes connect to the kidneys and urine 


fills flows down to the bladder through them. 


_ 2. Internal urethral sphincter 
Why rate we . This remains closed to ensure urine does 
rt 5 | not escape unexpectedly. 
get thirsty? | one 


Maintaining the balance between the 

minerals and salts in our body and water 

is very important. When this is out of 

harmony, the body tells us to consume 

sasleyacweloneblelswbeme)ael=)mleymmercmeleloniare 

continue operating effectively. 3. External 
This craving, or thirst, can be caused by urethral 

too high a concentration of salts inthe sphincter 

body, or by the water volume in the body This secondary 

(oho) e)e)batcmnolomlonniace)me)elanect-Umejel-ve-laleyee sphincter also 

Avoiding dehydration is important as long remains closed 

term dehydration can cause renal failure, rece 

among other conditions. urine escapes. 5. Bladder walls 


(controlled by 
4. Ureter valves detrusor muscles) 
These valves are situated The detrusor muscles in the wall of 
at the end of the ureters the bladder relax to allow expansion 
and let urine in. of the bladder as necessary. 









\ The human 
urinary 
system 


Renal artery and vein | This also relaxes for the urine 

This supplies blood to the kidneys to exit the body. 
in order for them to operate, and 
then removes deoxygenated blood 
after use by the kidneys. 





1, Internal urethral sphincter 
This relaxes when the body is ready to expel 
the waste. 






2. External 









Pelvis 
The bladder sits in the pelvis, 
and the urethra passes through 
it for urine to exit the body. 3. Bladder 
walls 
(controlled 
by detrusor 
muscles) 










© DK Images 








Urethra These muscles 
The urethra is the tube contract to force 1 4. Urethra 
that urine travels the urine out of A \ ene travels down 
through to exit the body. the bladder. this passageway 





to exit the body. 
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Inside the human stomach 


Discover how this amazing digestive organ stretches, churns and holds 
corrosive acid to break down our food, all without getting damaged 


he stomach’s major role is as a reservoir 

for food; it allows large meals to be 

consumed in one sitting before being 
gradually emptied into the small intestine. A 
combination of acid, protein-digesting 
enzymes and vigorous churning action breaks 
the stomach contents down into an easier-to- 
process liquid form, preparing food for 
absorption in the bowels. 

In its resting state, the stomach is contracted 
and the internal surface of the organ folds into 
characteristic ridges, or rugae. When we start 
eating, however, the stomach begins to distend; 


the rugae flatten, allowing the stomach to 
expand, and the outer muscles relax. The 
stomach can accommodate about a litre (1.8 
pints) of food without discomfort. 

The expansion of the stomach activates 
stretch receptors, which trigger nerve 
signalling that results in increased acid 
production and powerful muscle contractions 
to mix and churn the contents. Gastric acid 
causes proteins in the food to unravel, allowing 
access by the enzyme pepsin, which breaks 
down protein. The presence of partially 
digested proteins stimulates enteroendocrine 


Lining under the microscope 


The stomach is much more than just a storage bag. 


Take a look at its complex microanatomy now... 


Gastric pits 

The entire surface of 
the stomach is covered 
in tiny holes, which 













































































lead to the glands that ‘a ” 
produce mucus, acid — LA * 
and enzymes. = . RS 
Spe is 
= “hs. es 
siihe S| 
=| | aa 
in| — —_] 
i L = | | = e a =] 
Val re 
Wp = | eee 
ea CRS 
Mucosa ss Gis es 
ae oa 
SIGS BS 
s-'s o8e = 
Si Se 
== \% Sis = 
SAAS ORS) 
NY av, CASi 
— 
Pra 
Submucosa = 
Muscularis 


Parietal cell (blue) 
These cells produce hydrochloric 
acid, which kills off micro- 
organisms, unravels proteins and 
activates digestive enzymes. 
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Chief cell (yellow) 

Chief cells make pepsinogen; at the 
low pH in the stomach it becomes 
the digestive enzyme pepsin, 
which deconstructs protein. 
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cells (G-cells) to make the hormone gastrin, 
which encourages even more acid production. 

The stomach empties its contents into the 
small intestine through the pyloric sphincter. 
Liquids pass through the sphincter easily, but 
solids must be smaller than one to two 
millimetres (0.04-0.08 inches) in diameter 
before they will fit. Anything larger is ‘refluxed’ 
backwards into the main chamber for further 
churning and enzymatic breakdown. It takes 
about two hours for half a meal to pass into the 
small intestine and the process is generally 
complete within four to five hours. 


Mucous cell 

These cells secrete alkaline 
mucus to protect the 
stomach lining from damage 
by stomach acid. 
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G-cell (pink) 

Also known as 
enteroendocrine cells, 
these produce hormones 
like gastrin, which 
regulate acid production 
and stomach contraction. 
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Muscle layers 
The stomach has three layers 
— | of muscle running in different 
orientations. These produce 
the co-ordinated contraction 
required to mix food. 


Gastric anatomy 


This major organ in the digestive system has 
several distinct regions with different 
functions, as we highlight here 


Pyloric sphincter 

The pyloric sphincter is a strong 
ring of muscle that regulates 
the passage of food from the 


Cardia 


The oesophagus empties into 
the stomach at the cardia. This 
region makes lots of mucus, 
but little acid or enzymes. 


stomach to the bowels. Antrum 
The antrum contains cells that 


can stimulate or shut off acid 


Small intestine 
The stomach empties into 
the first section of the small 


intestine: the duodenum. Pancreas 


The bottom of the stomach 
is located in front of the 
pancreas, although the two 
aren't directly connected. 


Why doesn’t it 
digest itself? 


Your stomach is full of corrosive acid and 
enzymes capable of breaking down protein - if 
left unprotected the stomach lining would 
quickly be destroyed. To prevent this from 
occurring, the cells lining the stomach wall 
produce carbohydrate-rich mucus, which forms 
a slippery, gel-like barrier. The mucus contains 
bicarbonate, which is alkaline and buffers the pH 
at the surface of the stomach lining, preventing 
damage by acid. For added protection, the 
protein-digesting enzyme pepsin is created from 
a zymogen (the enzyme in its inactive form) - 
pepsinogen; it only becomes active when it 
comes into contact with acid, a safe distance 
away from the cells that manufacture it. 


production, regulating the pH 
level of the stomach. 


Produced by parietal 
cells in the stomach 
lining, gastric acid has a 
PH level of 1.5 to 3.5 
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? Fundus 
os The top portion 
of the stomach 
. curves up and 
allows gases 
created during 
digestion to 
be collected. 













Body 


Also called the corpus, this 
is the largest part of the 
stomach and is responsible 
for storing food as gastric 
juices are introduced. 


Large intestine 

The large intestine curls 
around and rests just below 
the stomach in the abdomen. 
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HUMAN ANATOMY 


he human hand isan important 
; feature of the human body, which 
allows individuals to manipulate 

their surroundings and also to gather large 
amounts of data from the environment that 
the individual is situated within. A handis 
generally defined as the terminal aspect of 
the human arm, which consists of 
prehensile digits, an opposable thumb, and 
awrist and palm. Although many other 
animals have similar structures, only 
primates anda limited number of other 
vertebrates can be said to have a‘hand’ due 
to the need for an opposable thumb to be 
present and the degree of extra articulation 
that the human hand can achieve. Due to 
this extra articulation, humans have 
developed fine motor skills allowing for 
much increased control in this limb. 
Consequently we see improved ability to 
grasp and grip items and development of 


skills such as writing. 

Anormal human hand is made up of five 
digits, the palm and wrist. It consists of 27 
bones, tendons, muscles and nerves, with 
each fingertip of each digit containing 
numerous nerve endings making the handa 
crucial area for gathering information from 
the environment using one of man’s most 
crucial five senses: touch. The muscles 
interact together with tendons in order to 
allow fingers to bend, straighten, point and, 
in the case of the thumb, rotate. However, 
the hand is an area that sees many injuries 
due to the number of ways we use it, one in 
ten injuries in ASE being hand related, and 
there are also several disorders that can 
affect the hand development whilst still in 
the womb, such as polydactyly, where an 
individual is born with extra digits, which 
are often still in perfect working order. 
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The human hand 





We take our hands for granted, but they are actually 
quite complex and have been crucial in our evolution 





Bones In 
the hand 


The human hand contains 27 
bones, and these divide up 
into three distinct groups: the 
carpals, metacarpals and 
phalanges. These also then 
break down into a further 
three different groups: the 
proximal phalanges, the 
intermediate phalanges and 
then the distal phalanges. 
Eight bones are situated inthe 
wrist and these are 
collectively called the carpals. 
The metacarpals, which are 
situated in the palm of the 
hand account for a further five 
out of the 27, and each 

finger has three phalanges, 
the thumb only has two. 
Intrinsic muscles and tendons 
control movement of the digits 
and hand, and attach to 
extrinsic muscles that extend 
further up into the arm, 
flexing the digits. 





Distal phalanges 
A distal phalange (fingertip) is situated 
at the end of each finger. Deep flexors 
attach to this bone to allow for 
maximum movement. 


Intermediate 
phalanges 

This is where the 
superficial flexors attach 
via tendons to allow the 
digit to bend. 


Proximal 
phalanges 

Each finger has three 
phalanges, and this phalange 
joins the intermediate to its 
respective metacarpal. 


Metacarpals 

These five bones make up the 
palm, and each one aligns 
with one of the hand’s digits. 


Carpals 
The carpals (scaphoid, triquetral, trapezium, 
trapezoid, lunate, hamate, capitate and 
pisiform) sit between the ulna and radius 
and the metacarpals. 


Muscles and other structures 


The movements and articulations of the hand and 
by the digits are not only controlled by tendons but 
also two muscle groups situated within the hand 
and wrist. These are the extrinsic and intrinsic 
muscle groups, so named as the extrinsics are 
attached to muscles which extend into the forearm, 
whereas the intrinsics are situated within the hand 
and wrist. The flexors and extensors, which make 
up the extrinsic muscles, use either exclusively 
tendons to attach to digits they control (flexors) ora 


Thenar space 
Thenar refers to the thumb, 
and this space is situated 
between the first digit and 
thumb. One of the deep 
flexors (extrinsic muscle) is 
located in here. 


Interossei 
muscle 
(intrinsic) 
This interossei muscle sits 
between metacarpal 
bones and will unite with 
tendons to allow extension 
using extrinsic muscles. 


Arteries, veins 
and nerves 

These supply fresh 
oxygenated blood (and 
take away deoxygenated 
blood) to hand muscles. 


Forearm 
muscles 


Extrinsic muscles are so 
called because they are 
primarily situated outside 
the hand, the body of the 
muscles situated along the 
underside or front of the 
forearm. This body of 
muscles actually breaks 
down into two quite distinct 
groups: the flexors and the 
extensors. The flexors run 
alongside the underside of 
the arm and are responsible 
for allowing the bending of 
the individual digits, 
whereas the extensor 
muscles’ main purpose is 
the reverse this action, to 
straighten the digits. There 
are both deep and 
superficial flexors and 
extensors, and whichare 
used at any one time 
depends on the digit to 

be moved. 


more complex mix of tendons and intrinsic muscles 
to operate (extensors). These muscles will contract 
in order to cause digit movement, and flexors and 
extensors work ina pair to complement each to 
straighten and bend digits. The intrinsic muscles 
are responsible for aiding all extrinsic muscle action 
and any other movements in the digits and have 
three distinct groups; the thenar and hypothenar 
(referring to the thumb and little finger 
respectively), the interossei and the lumbrical. 













Ulnar nerve 
This nerve stretches 
down the forearm into 
the hand and allows for 
sensory information 

to be passed from 
hand to brain. 


Hypothenar 
muscle (intrinsic) 
Hypothenar refers to the little 
finger and this muscle group is one 
& of the intrinsic muscles. 


Mid palmar space 
Tendons and intrinsic muscles 
primarily inhabit this space 
within the hand. 


Insertion of flexor tendon 
This is where the tendon attaches the 
flexor muscle to the finger bones to 
allow articulation. 







Tendons and 
intrinsics 

These attach the 

flexor muscles to the 
phalanges, and facilitate 
bending. Tendons also 
interact with the intrinsics 
and extensors in the wrist, 
palm and forearm to 
straighten the digits. 


Thenars 

The intrinsic group of 
muscles is used to flex the 
thumb and control its 
sideways movement. 


Superficial flexors 
The other flexor that acts on 
the digits is the superior flexor, 
which attaches to the 
intermediate phalanges. 
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Deep flexors 

The digits have two extrinsic 
flexors that allow them to bend, 
the deep flexor and the 
superficial. The deep flexor 


attaches to the distal phalanges. 


Extensors 
Extensors on the back of 
the forearm straighten the 
digits. Divided into six 
sections, their connection 
to the digits is complex. 
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How do 
feet work: 








Feet are immensely complex structures, yet we 
put huge amounts of pressure on them every 


day. How do they cope? 


he human foot and ankle is crucial for locomotion and is 

one of the most complex structures of the human body. 

This intricate structure is made up of no less than 26 
bones, 20 muscles, 33 joints - although only 20 are articulated 
—as well as numerous tendons and ligaments. Tendons connect 
the muscles to the bones and facilitate movement of the foot, 
while ligaments hold the tendons in place and help the foot 
move up and down to initiate walking. Arches in the foot are 
formed by ligaments, muscles and foot bones and help to 
distribute weight, as well as making it easier for the foot to 
operate efficiently when walking and running. Itis due to the 
unique structure of the foot and the way it distributes pressure 
throughout all aspects that it can withstand constant pressure 
throughout the day. 

One of the other crucial functions of the foot is to aid balance, 
and toes area crucial aspect of this. The big toe in particular 
helpsin this area, as we can grip the ground with it if we feel we 
are losing balance. 

The skin, nerves and blood vessels make up the rest of the 
foot, helping to hold the shape and also supplying it with all the 
necessary minerals, oxygen and energy to help keep it moving 
easily and constantly. 
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Toes 

Terminal aspects of the foot 
that aid balance by grasping 
onto the ground. They are the 
equivalent of fingers in the 
foot structure. 


Muscles - including the extensor 


digitorum brevis muscle 

Muscles within the foot help the foot lift and 
articulate as necessary. The extensor digitorum 
brevis muscle sits on the top of the foot, and 
helps flex digits two-four on the foot. 


Blood vessels 

These supply blood to the foot, 
facilitating muscle operation by 
supplying energy and oxygen and 
removing deoxygenated blood. 


Ligaments 

Ligaments support the 
tendons and help to form the 
arches of the foot, spreading 
weight across it. 


Tendons (extensor digitorum 


longus, among others) 

Fibrous bands of tissue which connect 
muscles to bones. They can withstand a lot 
of tension and link various aspects of the 
foot, facilitating movement. 


Tibia 

The larger and stronger of the lower 
leg bones, this links the knee and the 
ankle bones of the foot. 


Fibula 


This bone sits alongside the tibia, also 
linking the knee and the ankle. 


The structure 
of the foot 
and how the 
elements 
work together 


Our’, 
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DID YOU KNOW? Inalifetime, og person will walk the equivalent of four times around the globe - more than 100,000 miles! 








How do 
we walk? 


‘Human gait’ is the term to describe how we 
walk. This gait will vary between each 
person, but the basics are the same 

















4. Leg swing _X 
The lower leg will N 
then swing at the 

knee, under the body, 

to be placed in front 
of the stationary, 
weight- bearing foot. 


2. Weight transfer 
The weight will transfer fully 
to the foot still in contact 
with the ground, normally 
with a slight leaning 
movement of the body. 






6. Repeat 

process 

3. Foot lift 5. Heel 1. Heel lift The process is 
After weight has placement The first step of walking is for then repeated with 
transferred and the The heel will normally be the foot to be lifted off the the other foot. During 


the part of the foot that’s 
placed first, and weight 
will start to transfer back 
onto this foot as it hits 
the ground. 


ground. The knee will raise and 
the calf muscle and Achilles 
tendon, situated on the back of 
the leg, will contract to allow 
the heel to lift off the ground. 


normal walking or 
running, one foot will 
start to lift as the other 
starts to come into 
contact with the ground. 


individual feels 
balanced, the ball of 
the first foot will then 
lift off the ground, 


MWal¥svnablanbbacoyaael-biele)r raising the thigh. 


enables us to stay balanced 


Bones of the foot 











Distal Proximal Metatarsals Cuneiforms Navicular 

phalanges phalanges The five, long bones that are | bones (three) This bone, which is 

The bones which These bones link the the metatarsals are located Three bones that fuse so named due 

sit at the far end metatarsals and the between the tarsal bones together during bone to its resemblance 

of the foot and distal phalanges and and the phalanges. These development and sit to a boat, articulates 

make up the tips stretch from the are the equivalent of the between the metatarsals = withthethree Ababy is born with 22 
of the toes. base of the toes. metacarpals in the hand. and the talus. cuneiform bones. out of a total 26 bones in each foot 
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Xs Qo Cuboid Talus Calcaneus 
in One of five irregular bones The talus is the This bone 
(cuboid, navicular and three second largest constitutes the 

cuneiform bones) which make bone of the foot, heel and is crucial 6 

up the arches of the foot. and it makes up for walking. Itis 

These help with shock the lower part of the largest bone E 

absorption in locomotion. the ankle joint. in the foot. @ 
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eare limited by our biology: prone to 

illness, doomed to wear out over time, 

and restricted to the senses and 
abilities that nature has crafted for us over 
millions of years of evolution. But not any more. 

Biological techniques are getting cheaper and 
more powerful, electronics are getting smaller, 
and our understanding of the human body is 
growing. Pacemakers already keep our hearts 
beating, hormonal implants control our fertility, 
and smart glasses augment our vision. We are 
teetering on the edge of the era of humanity 2.0, 
and some enterprising individuals have already 
made the leap to the other side. 

While much of the technology developed so far 
has hada medical application, people are now 
choosing to augment their healthy bodies to 
extend and enhance their natural abilities. 

Kevin Warwick, a professor of cybernetics at 
Coventry University, claims to be the “world’s first 
cyborg”. In 1998, he had a silicon chip implanted 





work as touch sensors, 
change colour, and 
receive Wi-Fi signals 


The electronic tattoos 


into his arm, which allowed him to open doors, 
turn on lights and activate computers without 
even touching them. In 2002, the system was 
upgraded to communicate with his nervous 
system; 100 electrodes were linked up to his 
median nerve. 

Through this new implant, he could controla 
wheelchair, move a bionic arm and, with the help 
of a matched implant fitted into his wife, he was 
even able to receive nerve impulses from another 
human being. 

Professor Warwick’s augmentations were the 
product ofa biomedical research project, but 
waiting for these kinds of modifications to hit the 
mainstream is proving too much for some 
enterprising individuals, and hobbyists are 
starting to experiment for themselves. 

Amal Graafstra is basedin the US, andisa 
double implantee. He hasa Radio Frequency 
Identification (RFID) chip embedded in each 
hand: the left opens his front door and starts his 





motorbike, and the right stores data uploaded 
from his mobile phone. Others have had magnets 
fitted inside their fingers, allowing them to sense 
magnetic fields, and some are experimenting 
with aesthetic implants, putting silicon shapes 
and lights beneath their skin. Meanwhile, 
researchers are busy developing the next 
generation of high-tech equipment to upgrade the 
body still further. 

This article comes witha health warning: we 
don’t want you to try this at home. But it’s an 
exciting glimpse into some of the emerging 
technology that could be used to augment our 
bodies in the future. Let's dive in to the sometimes 
shady world of biohacking. 








| . jlow from under the skin 
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Buzzing the brain 


Transcranial DC stimulation sends 
electrical signals through the skull 
iKoM=Valarclacecm olla ie) anar-lacess 


Excitability K 7" 
aM atem=)(ceuua(eriavaelar-lale(stomaars 
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more likely to fire. 
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electrodes alters the 
effect on brain function. 
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current from the device 
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into the brain. 
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excitability of the nerve cells 
responsible for movement. 


Wires 
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delivered to the brain 
for 10 to 30 minutes. 


Device 

Powered by a 
Tianled(emaliavcraelie 
battery, the device 
delivers a constant 
current to the scalp. 
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Hacking the brain 
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Gene editing 


Ta A@) be Hm a=s-i=¥-] coval=) acme) a @iarem lame (=lalsmveliaiale) 
made a breakthrough. They used a new 
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The system that they used is called CRISPR. It 
owr-Ke fe] 0) kale ma gelanl-Mo)'A-102) nn miele lalemar-laele-lINalla 
bacteria, and is composed of two parts: a Cas9 
enzyme that acts like a pair of molecular scissors, 
and a guide molecule that takes the scissors to a 
specific section of DNA. 

What scientists have done more recently is to 
hijack this system. By ‘breaking’ the enzyme 
scissors, the CRISPR system no longer cuts the 
DNA. Instead, it can be used to switch the genes 
on and off at will, without changing the DNA 
sequence. At the moment, the technique is still 
experimental, but in the future it could be used to 
repair or alter our genes. 





The CRISPR complex works like a pair of 
DIN VANSsJ al] ©) &) [ate sxe sts1e) 6s) 


With the latest technology we can decipher what the brain ts thinking, and we can talk back 


The human brain is the most complex structure 
in the known universe, but ultimately it 
communicates using electrical signals, and the 
latest tech can tap into these coded messages. 

Prosthetic limbs can now be controlled by 
id elsmaebbalebucropastembacyembeche)tcbelect-lan-(eelclemnenmel 
surface of the brain, while others use caps to 
detect electrical activity passing across the 
scalp. Decoding signals requires a lot of 
training, and it’s not perfect, but year after year 
it is improving. 

Itis also possible to communicate in the 
other direction, sending electrical signals into 
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the brain. Retinal implants can pick up light, 
code it into electrical pulses and deliver them 
Koma elmo) elu (en alsvar(cmr-belemeelelel(ct-Dapeee}et-selesnelonmel= 
same with sound in the ears via the cochlear 


“Prosthetic limBs can 
now be controlled by 
the mind” 


nerve. And, by attaching electrodes to the 
scalp, whole areas of the brain can be tweaked 
eqeyecmmelsnelouesye(cy 


Transcranial direct current stimulation uses 
weak currents that pass through skin and bone 
to the underlying brain cells. Though still in 
development, early tests indicate that this can 
have positive effects on mood, memory and 
(o}da=)eloye-bbewaveelereleyelsmm Melomuarerepele)lorcarals 
relatively simple, and companies are already 
offering the kit to people at home. It’s even 
possible to make one yourself. 

However, researchers urge caution. They 
admit that they still aren't exactly sure how it 
works, and messing with your brain could have 
dangerous consequences. 





Exosuits can amplify your natural movement, while 
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Community 





biology labs 


We spoke to Tom Hodder, technical director at 
London Biological Laboratories Ltd to learn more 
about public labs and the biohacking movement 


Interview bio: 

Tom Hodder studied medicinal 
chemistry and is a biohacker working on 
open hardware at London Biohackspace. 


What is the London Biohackspace? 
The London Biohackspace is a biolab at 
the London Hackspace on Hackney Road. 
The lab is run by its members, who paya 
small monthly fee. In return they can use 
the facilities for their own experiments 
and can take advantage of the shared 
equipment and resources. In general the 
experiments are some type of 
microbiology, molecular or synthetic 
biology, as well as building and repairing 
biotech hardware. 


Who can get involved? Is the lab open 
to anyone? 

Anyone can join up. Use of the lab is 
subject to a safety induction. There isa 
weekly meet-up on Wednesdays at 
7.30pm, which is open to the public. 


Why do you think there is such an 
interest in biohacking? 

Generally, Ithink that many important 
problems, such as food, human health, 
sustainable resources (e.g. biofuels) can 
be potentially mitigated by greater 
understanding of the underlying 


(Ooyanlanlelaliavat-]essm-] asm ele)e)e)[avemelon-]|me)V-16 
the world, providing amateur scientists 
with access to biotech equi 


processes at the molecular biological 
level. I think that the biohacking 
community is orientated towards the 
sharing of these skills and knowledge in 
an accessible way. Academic research is 
published, but research papers are not 
the easiest reading, and the details of 
commercial research are generally not 
shared unless it’s patented. More 
recently, much of the technology 
required to perform these experiments is 
becoming cheaper and more accessible, 
so it is becoming practical for 
biohacking groups to do more 
interesting experiments. 


Where do you see biohacking going 
in the future? 

I thinkin the short term, the biohacking 
groups are not yet at an equivalent level 
to technology and resources to the 
universities and commercial research 
institutions. However in the next five 
years, I expect more open biolabs and 
biomakerspaces to be set up and the 
level of sophistication to increase. 

I think that biohacking groups will 
continue to perform the service of 
communicating the potential of 
synthetic and molecular biology to the 
general public, and hopefully do that in 
an interesting way. 
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THE BODY 
AT WORK 


The science of sleep 006 
Understand why we sleep 





Fighting 
Human digestion explained illness 
The digestion process revealed 


Human respiration 
The lungs explained 


Dehydration / Sweatin 
Why we sweat and using fluids 


How wounds heal 
How different scar types form 


The immune system 
Combating viruses 


How old is your body? 
How quickly do cells regenerate? 


Human pregnancy 
The different stages explained 


Ty alah rrp VS Hypothermia 
at is the difference: 


Bacteria Vs virus 
Which is which and why does 
it matter? 


What is saliva? 
Find out why there is moisture in 
our mouths 


Neurotransmitters and 
ourfeelings _ 
ow do your emotions work? 


112, 
Brain cells i I 
What's going on inside your head? eeoies 


White blood cells 
How infection is fought 


The science of genetics 
How genes define who we are 


What is anxiety? 
What causes us to feel uneasy? 


Circulatory system 
How blood gets transported 


How your blood works 
The miraculous fluid analysed 


Blood vessels / 
Hyperventilation 

at are blood vessels made of 
and why do we hyperventilate? 


Sensitive teeth / Jaundice 
Why skin can turn yellow 


Hormones 
Understand the human 
endocrine system 


Exploring the sensory system 
How we experience the world 







O82, Science of 
sleeping 
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or virus 












science of 


Unravelling the mysteries behind insomnia, 
sleepwalking, dreams and more 





espend arounda third of our lives 4 There have been many ideas and theories proposed 
sleeping. Itis vital to our survival, but about why humans sleep, froma way to rest after the 
despite years of research, scientists still 4 day’s activities or a method for saving energy, to 
aren't entirely sure why we doit. The urge to sleep is simply a way to fill time until we can be doing 
all-consuming, and ifwe are deprived ofit, we will . something useful. But all ofthese ideas are somewhat 
eventually slip into slumber even ifthe situation is F flawed. The body repairs itself just as well when we 
life-threatening. are sitting quietly, we only save around 100 calories a 
Sleep is an essential habit to mammals, birds and night by sleeping, and we wouldn’‘t need to catch up 
reptiles and has been conserved through evolution, on sleep during the day ifit were just to fill empty time 
despite preventing us from performing tasks such as at night. 
eating, reproducing and raising young. Itis as One ofthe major problems with sleep deprivation is 
important as food and, withoutit, rats will die within aresulting decline in cognitive ability - our brains just 
two or three weeks - the same period it takes to die don’t work properly without sleep. We will find 
of starvation. ourselves struggling with memory, learning, 
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DID YOU KNOW? Marine mammals sleep with just half of their brain at a time, allowing them to surface for air 


Theories of why we sleep 


Theory 


Energy _ 
conservation t 


We save around 100 calories per night 
__ bysleeping; metabolic rate drops, the 
digestive system is less active, heart 
and breathing rates slow, and body 
temperature drops. However, the 
calorie-saving equates to just one cup 
of milk, which from an evolutionary 
perspective does not seem worth the 
accompanying vulnerability. 





Se. 


a Sa ‘ 


Theory 2 ice 


Evolutionary “446 
protection Lees 


_ Anearlyidea about the purpose of sleep 

_ isthatitisa protective adaptation to fill 

time. For example, prey animals with 

night vision might sleep during the day to 

avoid being spotted by predators. 
However, this theory cannot explain 
why sleep-deprived people fall asleep in 
the middle of the day. 





planning and reasoning. A lack of sleep can actually 
have severe effects on our mood and performance of 
everyday tasks, ranging from irritability, through to 
long term problems such as an increased risk of 
heart disease and even a higher incidence of road 
traffic accidents. 

Sleep can be divided into two broad stages: 
non-rapid eye movement (NREM), and rapid eye 
movement (REM) sleep. The vast majority of our sleep, 
actually around 75 to 80 per cent of it, is NREM, which 
is characterised by various electrical patterns in the 
brain knownas’‘sleep spindles’ and high, slow delta 
waves. When this is occuring, this is the time when 
we sleep the deepest. 

















Without NREM sleep, our ability to form declarative 
memories, such as learning to associate pairs of 
words, can be seriously impaired. Deep sleep is 
important for transferring short-term memories into 
long-term storage. Deep sleep is also the time of peak 
growth hormone release in the body, which is 
important for cell reproduction and repair. 

The purpose of REM sleep is unclear, with the 
effects of REM sleep deprivation proving less severe 
than NREM deprivation; for the first two weeks 
humans report little in the way of ill effects. REM sleep 
is the period during the night when we have our most 
vivid dreams, but people dream during both NREM 
and REM sleep. One curiosity is that during NREM 


Restoration 


One of the major problems with sleep 
deprivation is a decline in cognitive 
function, accompanied byadropin 
mood, and there is mounting evidence 
that sleep is involved in restoring the 
brain. However, there is little evidence 
to suggest that the body undergoes 
more repair during sleep compared to 
rest orrelaxation. 





Pe a Py * consolidation 
. * 


One of the strongest theories regarding 
sleep is that it helps with consolidation 
of memory. The brain is bombarded 
with more information during the day 
than itis possible to remember, so sleep 
is used to sort through this information 
and selectively practise parts that need 
to bestored. 


sleep, dreams tend to be more concept-based, 
whereas REM sleep dreams area lot more vivid 
and emotional. 

Some scientists argue that REM sleep allows our 
brains a safe place to practice dealing with situations 
or emotions that we might not encounter during our 
daily lives. During REM sleep our muscles are 
temporarily paralysed, preventing us acting out these 
emotions. Others think that it might be a way to 
unlearn memories, or to process unwanted feelings or 
emotions. Each of these ideas has its flaws, and no one 
knows the real answer. 

We will delve into the science of sleep and attempt 
to make sense of the mysteries of the sleeping brain. 
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THE BODY AT WORK 








The sieep cycie 


In the night, you cycle through five separate stages of sleep every 90 to 110 minutes 


The five stages of sleep can be distinguished by 
changes in the electrical activity in your brain, 
measured by electroencephalogram (EEG). The first 
stage begins with drowsiness as you drift in and out 
of consciousness, and is followed by light sleep and 














Growth 
hormone 


release 

After you fall asleep, 
the pituitary gland 
ramps up its 
production of 
growth hormone. 


Different when 
dreaming 

During REM sleep, your 
heart rate rises, but your 
larger muscles are 
paralysed. This mean just 
your fingers, toes and eyes 
twitch as you dream. 


Slow breathing 


As you fall into deeper and 


and your heart rate drops. 


Stages of sleep 


deeper sleep, your breathing 
becomes slower and more rhythmic 


then by two stages of deep sleep. Your brain activity 
starts to slow down, your breathing, heart rate and 
temperature drop, and you become progressively 
more difficult to wake up. Finally, your brain perks 
up again, resuming activity that looks much more 


Not all sleep isthe same. There are five separate stages, divided by brain activity 


| | 
| 






1-7 minu 


1 Drowsiness 
During the first stage of sleep you are just drifting off; 
your eyelids are heavy and your head starts to drop. 
During this drowsy period, you are easily woken and 
your brain is still quite active. The electrical activity on 
an electroencephalogram (EEG) monitor starts to slow 
down, and the cortical waves become taller and 
spilier. As the sleep cycle repeats during the night, you 
re-enter this drowsy half-awake, half-asleep stage. 
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inutes 


10-25 m 


| 


2 Light sleep 


After afew minutes, your brain activity slows further, 
and you descend into light sleep. On the EEG monitor, 
this stage is characterised by further slowing in the 
waves, with an increase in their size and short one- or 
two-second bursts of activity known as’sleep 
spindles’. By the time you are in the second phase of 
sleep, your eyes stop moving, but you can still be 
woken up quite easily. 






oe seni 





like wakefulness, and you enter rapid eye movement 
(REM) sleep —- the time when your most vivid dreams 
occur. This cycle happens several times throughout 
the night, and each time, the period of REM sleep 
grows longer. 


How much 30% Mt ® 20% 

time 1s spent “ 

in each BT <0, 

sleep stage? “Ss 
Low temperature 


Body temperature falls just 
before you fall asleep, and is 
maintained at a lower level 
throughout the night. 


Limited 
movement 
Muscle tone drops 
during sleep, but you 
still change position, 
tossing and turning. 


| 





3 Moderate sleep 
Asyoustart to enter this third stage, your sleep 
spindles stop, this in turn is showing thatyour brain 
has entered moderate sleep. This is then followed by 
deep sleep. The trace on the EEG slows still further as 
your brain produces delta waves with occasional 
spikes of smaller, faster waves in between. As you 
progress through stage-three sleep, you become much 
more difficult to wake up. 


DID YOU KNOW? Sleeping in at the weekends causes ‘social jet lag’ and makes it more difficult to get up on Monday morning 


Dreaming versus deep sleep 


REM First 


cycle 
STAGE 1 


STAGE 2 


STAGE 3 


Third 
cycle 


Second 
cycle 





STAGE 4 


Clearing 
the mind 


The brainis a power-hungry organ; it 
makes up only two per cent of the 
total mass of the body, but it uses an 
enormous 25 per cent of the total 
energy supply. The question is, how 
does it get rid of waste? The 
Nedergaard Lab at the University of 
Rochester in New York thinks 

sleep might bea time to clean 

the brain. The rest of the body 

relies on the lymphatic 

drainage system to help remove 
waste products, but the brain is 

a protected area, and these 

vessels do not extend upward 

into the head. Instead, your 

central nervous system is bathed 
inaclear liquid called 
cerebrospinal fluid (CSF), into 

which waste can be dissolved for 
removal. During the day, it 

remains on the outside, but the 

lab’s research has shown that, 
during sleep, gaps open up between 
brain cells and the fluid rushes in, 
following paths along the outside of 
blood vessels, sweeping through 
every corner of the brain and helping 
to clear out toxic molecules. 


20-40 minutes 





4 Deep sleep 


There is some debate as to whether sleep stages three 
and four are really separate, or whether they are part 
of the same phase of sleep. Stage four is the deepest 
stage of all, and during this time you are extremely 
hard to wake. The EEG shows tall, slow waves which 
are known as delta waves; your muscles will relax and 
your breathing becomes slow and rhythmic, which 
can lead to snoring. 


Deep sleep 





Lem evemaslral ei vt 





5 REM sleep 


After deep sleep, your brain starts to perk up and its 
electrical activity starts to resemble the waking brain. 
This is the period of the night when most dreams 
happen. Your muscles are temporarily paralysed, and 
your eyes dart around, giving it the name rapid eye 
movement (REM) sleep. You cycle through the stages of 
sleep about every 90 minutes, experiencing between 
three and five dream periods each night. 


Dreaming (REM) 


Brain activity 


Wide awake 

The red areasin this scan 
showareas ofactivityin the 
waking human brain, while 
the blue areas represent 
areas of inactivity. 


REM (dream) sleep 
When weare dreaming, the 
human brain shows a lot of 
activity, displaying similar 
red patterns of activity to 
the waking brain. 





Sleep deprivation 

The sleep-deprived brain 
looks similar to the brain 
during NREM sleep, showing 
patterns of inactivity. 





Deep sleep 

During the later stages of 
NREM sleep, the brain is less 
active, shown here by the 
cool blue and purple colours 
that dominate the scan. 





Light sleep 

In the first stages of NREM 
sleep, the brain is less active 
than when awake, but you 
remain alert and easy to 
wake up. 





NREM sleep 

Asyou descend through the 
four stages of NREM sleep, 
your brain in turn becomes 
progressively less active. 
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disorders 


There are over 100 different 


disorders that prevent a 
good night's sleep 


Sleep is necessary for our health, so disruptions to 
the quality or quantity of our sleep can havea 
serious negative impact on daily life, affecting both 
physical health and mental wellbeing. 

Sleep disorders fall into four main categories: 
difficulty falling asleep, difficulty staying awake, 
trouble sticking toa regular sleep pattern and 
abnormal sleep behaviours. Struggling with falling 
asleep or staying asleep is known as insomnia, and 
is one of the most familiar sleep disorders; arounda 
third of the population will experience it during 
their lifetime. Difficulty staying awake, or 
hypersomnia, is less common. The best-known 
example is narcolepsy, which is when sufferers 
experience excessive daytime sleepiness, 
accompanied by uncontrollable short periods of 
sleep during the day. Trouble sticking to a regular 
sleeping pattern can either be caused by external 
disruption to normal day-to-day rhythms, for 
example by jet lag or shift work. It can also be the 
result of an internal problem with the part of the 
brain responsible for setting the body clock. 

Abnormal sleep behaviours include problems 
like night terrors, sleepwalking and REM-sleep 
behaviour disorder. Night terrors and sleepwalking 
most commonly affect children, and tend to resolve 
themselves with age, but other sleep behaviours 
persist into adulthood. In REM-sleep behaviour 
disorder, the normal muscle paralysis that 
accompanies dreaming fails, and people begin to 
act out their dreams. 

Treatment for different sleep disorders varies 
depending on the particular problem, and 
sometimes it can even beas simple as making the 
individuals bedroom environment more conducive 
to restful sleep. 





Acontinuous positive airway pressure (CPAP) machine 
pumpsair into a close-fitting mask, preventing the airway 
from collapsing 
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Sleepwalking 


Sleepwalking affects 
between one and 15 per 
eXcdolmeymmalemole)elvatcinleyame-berel 
is much more common in 
children than in adults, 
tending to happen less and 
less after the age of 11 or 12. 
Sleepwalkers might just sit 
up in their bed, but can 
sometimes perform 
complex behaviours, such 
as walking, getting 
dressed, cooking, or even 
cha aigbetee- mer: ow_Vinelolorcael 
sleepwalkers seem to be 
acting out their dreams, 
sleepwalking tends to 
occur during the deep- 
sleep phase of NREM sleep 
and not during REM sleep. 


Sleep apnoea 


Sleep apnoea is a dangerous sleep disorder. It is 
when the walls of the airways relax so much 
during the night that breathing is interrupted for 
ten seconds or more, restricting the supply of 
oxygen to the brain. The lack of oxygen initiates a 


Loud breathing 

People suffering with sleep apnoea 
often snore, gasp and breathe 
loudly as they struggle for air 
during the night. 


Muscle collapse 
The muscles supporting 
the tongue, tonsils and 
soft palate relax during 
sleep, causing the throat 
to narrow. 


Risk factors 

Sleep apnoea is much more 
common in patients who are 
overweight, male and over 
the age of 40. Smoking, 
alcohol and sleeping pills also 
increase the risk. 


Reduced airflow 


the airways completely. 


Waking up 

The low oxygen level in the blood 
triggers the brain to wake up in an 
attempt to fix the obstruction. 


Soft-tissue collapse reduces the amount 
of air entering the lungs or obstructing 


Sleepwalkers can perform complicated 
actions while in deep NREM sleep 





protective response, pulling the sufferer out of 
deep sleep to protect them from damage. This can 
cause people to wake up, but often it will just put 
them into a different sleep stage, interrupting their 
rest and causing feelings of tiredness the next day. 


Lack of oxygen 

If the airway is obstructed for 
ten seconds or more, the 
amount of oxygen reaching 
the brain drops. 





People may not know they have sleep 
apnoea, but warning signs include 
daytime sleepiness, headaches and 
night sweats. 


Narcolepsy 


Narcolepsy is a chronic condition 
that causes people to suddenly fall 
asleep during the daytime. In the 
United States, it affects one in every 
3,000 people. Narcoleptics report 
excessive amounts of daytime 
sleepiness, accompanied bya lack 
of energy and impaired ability to 
concentrate. They fall asleep 
involuntarily for periods lasting just 
afewsecondsatatime,andsome 
can continue to perform tasks such 
as writing, walking, or even driving 
during these microsleeps. In 70 per 
cent of cases, narcolepsy is also 
accompanied by cataplexy, where 
the muscles go limp and become 
difficult to control. It has been linked 
to low levels of the neurotransmitter 
hypocretin, which is responsible for 
promoting wakefulness in the brain. 





People with narcolepsy fall 


asleep involuntarily 
during the day 




























Insomnia 


Insomniacs have difficulty falling 
asleep or staying asleep. Sufferers can 
wake up during the night, wake up 
unusually early in the morning, and 
report feeling tired and drained 
during the day. Stress is thought to be 
one of the major causes of this sleep 
disruption, but it is also associated 
with mental health problems like 
depression, anxiety and psychosis, 
and also with underlying medical 
conditions that range from lung 
problems to hormone imbalances. 
After underlying causes have been 
ruled out, management of insomnia 
generally involves improving ‘sleep 
hygiene’ by sticking to regular sleep 
patterns, avoiding caffeine in the 
evening and keeping the bedroom 
free from light and noise at night. 


Onein three people in the UK will 
experience insomnia in their lifetime 





Electrodes monitor brain activity, 
eye movement, heart rate and 
breathing in sleep studies 
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How to get a good night’s sleep 


Understanding your biological clock is 
the key to a healthy night’s sleep 


Your body is driven by an internal 
circadian master clock known as 
the suprachiasmatic nucleus, 
which is set on a time scale of 
roughly 24 hours. This biological 
clock is set by sunlight; blue light 
hits special receptors in your eyes, 
which feed back to the master 
clock and on to the pineal gland. 
This suppresses the production of 
the sleep hormone melatonin and 
tells your brain that it is time to 
wake up. 

Disruptions in light exposure can 
play havoc with your sleep, so itis 
important to ensure that your 
bedroom is as dark as possible. 
Many electronic devices produce 
enough light to reset your biological 
clock, and using backlit screens 
late at night can confuse your 


brain, preventing the production of 
melatonin and delaying your sleep. 

Ensuring you see sunlight in the 
morning can help to keep your 
circadian clock in line, and sticking 
to aregular sleep schedule, even at 
the weekends, helps to keep this 
rhythm regular. 

Another important factor ina 
good night’s sleep is the process of 
winding down before bed. Certain 
stimulants such as caffeine and 
nicotine will actually keep your 
brain alert and can seriously 
disrupt your attempts to sleep. 
Even depressants like alcohol can 
have a negative effect; even though 
it calms the brain, it interferes 
with normal sleep cycles, 
preventing proper, restorative, 
deep and REM sleep. 





The blue light from televisions, mobile phones and 
computer screens disrupts your circadian rhythm 


The dangers of sleep deprivation 


Lack of sleep doesn’t just make you tired - it can have dangerous unseen effects 





Sleep deprivation impacts your visual working 
memory, making it hard to distinguish between 
relevant and irrelevant stimuli, affecting emotional 
intelligence, behaviour and stress management. 


Sleep deprivation affects the levels of hormones 
involved in regulating appetite. Levels of leptin (the 
hormone that tells you how much stored fat you have) 
drop, and levels of the hunger hormone ghrelin rise. 


Poor sleep can raise blood pressure, and in the long 
term is associated with an increased risk of diseases 
such as coronary heart disease and stroke. This danger 
is increased in people with sleep apnoea. 





In the USA it is estimated that 100,000 road accidents 
each year are the result of driver fatigue, and overa 
third of drivers have even admitted to falling asleep 


behind the wheel. 
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Mental health problems are linked to sleep disorders, 
and having sleep deprivation can play havoc with 
neurotransmitters in the brain, mimicking the 
symptoms of depression, anxiety and mania. 


Severe sleep deprivation can lead to hallucinations - 
seeing things that aren’t really there. In rare cases, it 
can lead to temporary psychosis or symptoms that 
resemble paranoid schizophrenia. 





Sleep myths debunked 


The science behind five of the most common myths 
relating to sleep 


“Counting sheep 
helps you sleep’”’ 


This myth was put to the test by the University of Oxford, 
who challenged insomniacs to either count sheep, 
imagine a relaxing scene, or do nothing as they tried to 
fallasleep. When they imagined a relaxing scene, the 
participants fell asleep an average of 20 

minutes earlier than when they tried 

either of the other two methods. 





“Yawning 
wakes you up”’ 


Yawning has long been associated with 
tiredness and was fabled to provide more 
oxygen toa sleepy brain, but this is not the 
case. New research suggests that we actually 
yawn to cool our brains down, using a deep 
intake of breath to keep the brain running at 
its optimal temperature. 





“‘Teenagers 
are lazy”’ 


Sleep habits start to change just before puberty, 
and between the ages of ten and 25, people need 
around nine hours of sleep every night. Teens can 
also experience a shift in their circadian rhythm, 
called sleep phase delay, pushing back their 
natural bedtime by around two hours, and 
encouraging them tosleep in. 








—- 


“You should never wake 
a sleepwalker’”’ 


Many people have heard that waking a sleepwalker might kill 
them, but there is little truth behind these tales. Wakinga 
sleepwalker can leave them confused and disorientated, but 
the act of sleepwalking in itself can be much more dangerous. 
Gently guiding a sleepwalker back to their bed is 

the safest option, but waking them carefully 

shouldn't do any harm. 





““Cheese gives 
you nightmares”’ 


The British Cheese Board conducted astudy in an 
attempt to debunk this myth by feeding 20g (0.702) of 
cheese to 200 volunteers every night for aweek and 
asking them to record their dreams. There were no 
nightmares, but strangely 75 per cent of men and 85 per 
cent of the women who ate Stilton reported vivid dreams. 














© Thinkstock; Dreamstime 
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into energy? 


he digestive system is a group of organs that 
process food into energy that the human body 


can use to operate. Itisan immensely complex 
system that stretches all the way between the mouth 
and the anus. 

Primary organs that make up the system are the 
mouth, oesophagus, stomach, small intestine, large 
intestine and the anus. Each organ hasa different 
function so that the maximum amount of energy is 
gained from the food, and the waste can be safely 
expelled from the body. Secondary organs, such as 
the liver, pancreas and gall bladder, aid the digestive 
process alongside mucosa cells, which line all hollow 
organs and produce a secretion which helps the food 
pass smoothly through them. Muscle contractions 
called peristalsis also help to push the food 
throughout the system. 

The whole digestive process starts when food is 
taken into the body through the mouth. Mastication 
(chewing) breaks down the food into smaller pieces 
and saliva starts to break starch in these pieces of food 
into simpler sugars as they are swallowed and move 
into the oesophagus. Once the food has passed 
through the oesophagus, it passes into the stomach. It 
can be stored in the stomach for up to four hours. 

The stomach will eventually mix the food with the 
digestive juices that it produces, which will break 
down the food further into simpler molecules. These 
molecules then move into the small intestine slowly, 
where the final stage of chemical breakdown occurs 
through exposure to juices and enzymes released 
from the pancreas, liver and glands in the small 
intestine. All the nutrients are then absorbed through 
the intestinal walls and transported around the body 
through the blood stream. 

After all nutrients have been absorbed from food 
through the small intestine, resulting waste material, 
including fibre and old mucosa cells, is then pushed 
into the large intestine where it will remain until 
expelled by a bowel movement. 


“Nutrients are then 
gbsorbed through 
the intestinal walls 
ond transported 
ground the body” 
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Auman 
digestion 


How does food get turned 






Large intestine 
The colon, as the large 
intestine is also known, is 
where waste material will 
be stored until expelled 
from the digestive system 
through the rectum. 























Small intestine 
Nutrients that have been 
released from food are 
absorbed into the blood 
stream so they can be 
transported to where they are 
needed in the body through 
the small intestine wall. 
Further breaking down occurs 
here with enzymes from the 
liver and pancreas. 

y 






Rectum 


: This is where waste 
Many different Organs material (faeces) exits 
are involved in the the digestive system. 


digestion process 


DID YOU KNOW? The human digestive system is between 20 to 30 feet long! 





—__— Mouth 


This is where food enters the body and first gets broken into 
more manageable pieces. Saliva is produced in the glands 
and starts to break down starch in the food. 


























Oesophagus 

The oesophagus passes the food 
into the stomach. At this stage, it 
has been broken down through 
mastication and saliva will be 
breaking down starch. 


Oesophageal 
sphincter 

This is the control 
valve for letting food 
into the stomach. 


© DK Images _ 


This is where stomach 
acid is situated, 
consequently it is 
where food is broken 
down into molecules 
that the small intestine 
can then process. 


Mucosa 

These cells line all of the 
stomach to aid movement of 
food throughout the organ. 


Stomach 

This is where food is broken 
down to smaller molecules 
which can then be passed into 
the small intestine. Stomach 
acid and enzymes produced 
by the stomach aid this. 








Duodenum 
The area at the top of the 
small intestine, this is 
where most chemical 
breakdown occurs. 


€ 


This is where 
waste is stored 
briefly until it 
is expelled by 
the body. 






Villi 

| These cells are shaped like fingers 

and line the small intestine to increase 
surface area for nutrient absorption. 


© DK Images 


How does our 
stomach work? 


The stomach is one of the most crucial 
organs within the digestive system 


intestine works 


The intestine is a crucial 


=a 





The stomach’s function is to break down food 
into simple molecules before it moves into 
the small intestine where nutrients are 
absorbed. The organ actually splits into four 
distinct parts, all of which have different 
functions. The uppermost section is the 
cardia, where food is first stored after 
ingesting it, the fundus is the area above the 
corpus body, which makes up the main area 
of the stomach where ingested food is mixed 
with stomach acid. The final section is the 
antrum, containing the pyloric sphincter, 
which isin control of emptying the stomach 
contents into the small intestine. Food is 
automatically passed down into the stomach 
by mucosa and peristalsis through the 
oesophageal sphincter, and then mixedin 
the stomach with acids and juices by 
automatic muscle contractions. 





How the 





= part ofthe digestive 
system that is 
heavily involved in 
breaking down and 


absorbing nutrients released 


from ingested food 


The intestine splits into two distinct parts, 
the small intestine and the large intestine. 
The small intestine is where the food goes 
through final stages of digestion and 
nutrients are absorbed into the blood stream, 
the large intestine is where waste is stored 
until expelled through the anus. Both the 
small and large intestines can be further 
divided into sections, the duodenum, 
jejunum andileum are the three distinct 
sections of the small intestine and the 
cecum, colon and rectum are the sections of 
the large intestine. As well as storing waste, 
the large intestine removes water and salt 
from the waste before it is expelled. Muscle 
contractions and mucosa are essential for the 
intestine to work properly, and weseea 
variation of mucosa, called villi, present in 
the lower intestine. 
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respiration 


Respiration is crucial to an organism’s survival. The 
process of respiration is the transportation of oxygen 
from the air that surrounds us into the tissue cells of 
our body so that energy can be broken down 


Pe 





he primary organs used for the heart rate to ensure that oxygen 3 sn, e! 
respirationinhumansarethe _ reachestissues that need it. Oxygen is as 
lungs. Humans have two then used to break down glucose to relrpe saad 

lungs, with the leftlungbeingdivided _ provide energy for the body. This cea see once 

into two lobes and the right into happens in the mitochondria of cells. enters into the body so that 

three. Lungs have between 300-500 Carbon dioxide is one of the waste oxygen can be transported into 

million alveoli, which is actually products of this, which is why we get and around the body to where 

where gas exchange occurs. a build up of this gas in our body that be aubspaid acai once 

j : : also exits through these areas. 
Respiration of oxygen breaks into needs to be transported back into the 

four main stages: ventilation, lungs to then be exhaled. 

pulmonary gas exchange, gas The body can also respire 

transportation and peripheral gas anaerobically, but this produces far 

exchange. Each stage is crucial in less energy and instead of producing 

getting oxygen to the body’s tissue, co2as a byproduct, lactic acid is 

and removing carbon dioxide. produced. The body then takes time 

Ventilation and gas transportation to break this down after exertion has 

need energy to occur, as the finished as the body has a so-called 


diaphragm and the heart are used to oxygen debt. 
facilitate these actions, whereas gas 
exchanging is passive. As air is drawn 


into the lungs ata rate of between 5. Alveoli 

10-20 breaths per minute while The alveoli are tiny little sacs which are situated 

resting, through either your mouth or at the end of tubes inside the lungs and are in ve ee 

nose by diaphragm contraction, and direct contact with blood. Oxygen and carbon oF: . re é a. = “ a - Pa 2 et 
dioxide transfer to and from the blood stream mo AB tee AE ees 


travels through the pharynx, then the 
larynx, down the trachea, and into 
one of the two main bronchial tubes. 
Mucus and cilia keep the lungs clean 
by catching dirt particles and 
sweeping them up the trachea. 

When air reaches the lungs, oxygen 
is diffused into the bloodstream 
through the alveoliand carbon 
dioxide is diffused from the blood 
into the lungs to be exhaled. Diffusion letra 
of gases occurs because of differing 
pressures in the lungs and blood. This Sibacnars 
is also the same when oxygen vein 
diffuses into tissue around the body. 

When blood has been oxygenated by 
the lungs, itis transferred around the 
body to where it is most needed in the 


through the alveoli. 






ame 
at 
Vota -* 


‘lungs work 


bloodstream. Ifthe body is Lungs are the maj or 
exercising, the breathing rate ‘ ‘ 
increases and, consequently, so does Capillary beds respiratory Organ in humans 
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This is part of both’ 
the respiratory and 4 
digestive system. A flap : 
of connective tissue 
called the epiglottis 

4. Closes over the trachea 
‘\. to stop choking when 


3. Trachea 

Air is pulled into 

the body through 
the nasal passages 
and then passes into 
the trachea. 
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Breathing is not something that we have to 
think about, andindeed is controlled by muscle 
contractions in our body. Breathing is 
controlled by the diaphragm, which contracts 
and expands ona regular, constant basis. 
When it contracts, the diaphragm pulls air into 
the lungs by a vacuum-like effect. The lungs 
expand to fill the enlarged chest cavity 
and air is pulled right through 
the maze of tubes that 
make up the 
lungs to the 


seo ee 


6. Ribs 






. See Pe 


Sei. 
it 


During heavy 
cardiovascular exercise, 
extra oxygen is required 





4. Bronchial tubes 
These tubes lead to either the 
bah | left or the right lung. Air passes 
ee : through these tubes into the 
lungs, where they pass 


These provide protection 
for the lungs and other 
internal organs situated 
in the chest cavity. 


How do we breathe? 


The intake of oxygen into the body is complex 


Chest cavity 
This is the space that 
is protected by the 
ribs, where the lungs 
and heart are 
situated. The space 
changes as the 
diaphragm moves. 


alveoli at the ends, which are the final 
branching. The chest will be seen to rise 
because of this lung expansion. Alveoliare 
surrounded by various blood vessels, and 
oxygen and carbon dioxide are then 
interchanged at this point between the lungs 
and the blood. Carbon dioxide removed from 
the blood stream and air that was 
breathed in but not used is then 
expelled from the lungs by 
diaphragm expansion. Lungs 
deflate back to areduced size 
when breathing out. 























Lungs 
Deoxygenated blood 
arrives back at the 
lungs, where another 
gas exchange occurs at 
the alveoli. Carbon 
dioxide is removed and | 
oxygen is placed back 


Ar igs through progressively smaller into the blood. \ 
and smaller tubes until they \ | / 
reach the alveoli. Diaphragm 
Rib cage 


This is a sheet of muscle situated 
at the bottom of the rib cage 
which contracts and expands to 


This is the bone 
structure which 
protects the organs. 


4 draw air into the lungs. 
The rib cage can 
move slightly to 
Heart allow for lung 


The heart pumps oxygenated 
blood away from the lungs, 
around the body to tissue, 
where oxygen is needed to 

| break down glucose ; 
into a usable form 
of energy. 


expansion. 


Tissue 
Oxygen arrives 
where energy is 
needed, and a gas 
exchange of 

! oxygen and carbon 
dioxide occurs so 
that aerobic 
respiration can 
occur within cells. | 


© DK Images 
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‘= Pore Skin 

rm = =Sweat is Once the sweat is on the skin’s surface, its 

| 3 * 

fy _—sreleased directly absorbed moisture evaporates, 

into the dermis trarisferring the heat into the apne 
via the secretary 









duct, which then 
filters through 
the skin’s pores 
to the surface. 
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Beads of sweat fromthe pores in 
humanskin, takenwithe 
“Scanning electront n icroscope 


Why do \ we sweat? 


As your doctor may tell you, it’s glandular... 


a Salty, water-based substance to the skin’s surface. 
This liquid then cools the skin and the body 
through evaporation, storing and then transferring 





weat is produced by dedicated sweat glands, 
andisamechanism used primarily by the 
body to reduce its internal temperature. 





There are two types of sweat glandin the human excess heat into the atmosphere. Z 
body, the eccrine gland and the apocrine gland. Both the eccrine and apocrine sweat glands = 
The former regulates body temperature, and isthe only appear in mammals and, if active over Pe 3 

primary source of excreted sweat, with the latter the majority of the animal's body, actas the ~ 
only secreting under emotional stresses, rather primary thermoregulatory device. Certain Secretary Secretary part Nerve fibres 
than those involved with body dehydration. mammals such as dogs, cats and sheep only have duct This is where the Deliver messages to 
Eccrine sweat glands are controlled by the eccrine glands inspecificareas—suchaspawsand _ Secreted sweat majority of the gland’s glands to produce 
sympathetic nervous system and, when the lips - warranting the need for them to pantin order _ travels up to the secretary cellscan sweat when the body 
to control their temperature. skin via this duct. be located. temperature rises. 


internal temperature of the body rises, they secrete 


Dangers of dehydration 


How does a lack of water vary from mild to fatal? 





Dehydration 


What happens if we don’t 







. Thirst is triggered by a 
drink enough? 1% Mild een of ee 
ust by breathing, sweating and sugar levels going haywire. a " 
and urinating, the average Enzymatic activity is slowed, toxins 2% Moderate 
person loses ten cups of accumulate more easily and your 
water a day. With H20 making up breathing can even become more Other symptoms 
as much as 75 per cent of our difficult as the lungs are having to 3% Dizziness Dry skin Headaches anaes sae 
body, dehydration is a frequent work harder. Q _¢ ae see 
risk. Water is integral in maintaining Babies and the elderly are most A% constipation. 
our systems and it performs susceptible as their bodies are notas 
limitless functions. resilient as others. It has been ae Se ee ee ee re 
Essentially, dehydration strikes recommended to have eight glasses 5% Severe 
when your body takes in less fluid of water or two litres a day. More n é) ay Q) 
thanitloses. Themineralbalancein recentresearchis undecided as to ss 
your body becomes upset with salt how much is exactly needed. aa 6% / 
6 Dehydration is Other symptoms 
5 7% now so severe include sunken eyes, 
“= eal To O mu ch Hi O? oO that IV fluid low blood pressure 
a=" = replacement and dark urine. 
__¢ cl Hydration is all about finding the ras 8% pao: 
. «e is perfect balance. Too much 
‘ a , hydration is just as harmful as well 99 Fatal ieee 
as drinking too little; this is known z oral Delirium consciousness Bere Symptoms 
\ 4 as water intoxication. Ifan (?) © pene pan a 
\ individual has too much liquid in 10% éognitivesbilities 
their body, nutrients such as may also suffer. 
electrolytes and sodium are diluted 
. and the body suffers. Your cells will 11% ie neat aieueaan ce 
begin to bloat and expand to sucha heat stroke is prevalent 
: point that they can even burst, and 129 and can even be fatal. 
it can be fatal if untreated with IV 





fluids containing electrolytes. 
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How wounds heal 


It takes an army of cells to repair cuts and scrapes 


ound healing happens in four key blood cells and forming a sturdy clot that holds With the encouragement of the immune 

stages: haemostasis, inflammation, the wound closed until it can be repaired. This system, long, spindle-shaped cells called 

proliferation and remodelling. process only takes a matter ofminutes,andonce fibroblasts start rebuilding the collagen 
Haemostasis means ‘blood halting’ in Greek, the bleeding stops, the local blood vessels dilate scaffolding that holds healthy tissue together. 
and is the first crucial part in closing a wound. again, allowing immune cells to reach the area On top of the wound, epithelial cells begin 
The body's first line of defenceistoconstrictthe | andbeginthe necessary repairs. This stage is dividing and migrating to cover the gap. New 
blood vessels in the affected area to minimise called inflammation. blood vessels start to form and, as the tissue 
blood loss. Platelets then start to stick to the White blood cells clear up dead cells, getridof heals, myofibroblasts tug at the edges of the 
exposed tissue, becoming activated and damaged tissue and chase down any pathogens woundtoclose the hole. Once this stage is 
encouraging more and more platelets to clump that have entered through the wound and complete, it’s time for remodelling. The 
together to plug the gap. destroy them by phagocytosis (ingesting them). scaffolding built by the fibroblasts is rearranged, 

Once this plug isin place, a mesh of fibrin They also prepare the area for the repair phase, and any unneeded cells that were made during 

fibres starts to form around it, trapping passing which is known as proliferation. the healing process are safely removed. 


The immune system rushes in to prevent pathogens entering through an open wound 





© SPL; Illustration by Ed Crooks 
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How your immune 


system Works 





Your body is locked in a constant 
War against a VISCOUS army 


watching TV, trillions and trillions of foreign 
invaders are launching a full scale assault on the 
trillions of cells that constitute ‘you’. Collectively 


E t's true: while you're simply sitting around 


known as pathogens, these attackers include 
bacteria, single-celled creatures that live to eat and 
reproduce; protists, larger single-cell organisms; 
viruses, packets of genetic information that take 
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over host cells and replicate inside them; and fungi, 
a type of plant life. 

Bacteria and viruses are by far the very worst 
offenders. Dangerous bacteria release toxins in the 
body that cause diseases suchas E. coli, anthrax, 
and the black plague. The cell damage from viruses 
causes measles, the fluand the common cold, among 
numerous other diseases. 


defences 


Human anatomy subscribes to the notion 
that good fences make good neighbours. 
Your skin, made up of tightly packed cells 
and an antibacterial oil coating, keeps 
most pathogens from ever setting foot in 

; body. Your body’s openings are well- 
fortified too. Pathogens that youinhale 
face a wall of mucus-covered membranes 
in your respiratory tract, optimised to 
trap germs. Pathogens that you digest end 
up soaking ina bath of potent stomach 
acid. Tears flush pathogens out of your 
eyes, dousing bacteria witha harsh 
enzyme for good measure. 





Just about everything in our environment is 
teeming with these microscopic intruders, including 
you. The bacteria in your stomach alone outnumber 
all the cells in your body, ten-to-one. Yet, your 
microscopic soldiers usually win against pathogens, 
through a combination of sturdy barriers, brute 
force, and superior battlefield intelligence, 
collectively dubbed the immune system. 

















The adaptive immune system 


Fighting the good fight, and white blood 


cells are right on the front line... 


When a pathogen is tough, wily, or 
numerous enough to survive 
various non-specific defences, 
it’s down to the incredibly adaptive 
immune system to clean up the 
mess. The key forces inthe 
adaptive immune system are 
white blood cells which are called 
lymphocytes. Unlike their 
macrophage cousins, these 
lymphocytes are engineered to 
attack only one specific type of 
pathogen. There are two types of 
lymphocytes: B-cells and T-cells. 
These cells join the action when 
macrophages pass along 
information about the invading 
pathogen, through chemical 
messages called interleukins. After 
engulfing a pathogen, a 
macrophage communicates 
details about the pathogen’s 
antigens - telltale molecules that 
actually characterise particular 
pathogens. Based on this 
information, theimmune system 
identifies specific B-cells and 
T-cells equipped to recognise and 
battle the pathogen. Once they are 
successfully identified, these cells 
rapidly reproduce, assembling an 
army of cells that are equipped to 


disarm a specific pathogen or bind 
toit, marking it asa target for other 
white blood cells. When T-cells 
find their target, they lock onand 
release toxic chemicals that will 
destroy it. T-cells are especially 
adept at destroying your body’s 
cells that are infected witha 
dangerous virus. 

This entire process takes several 
days to get going and may take 
even longer to conclude. All the 
while, the raging battle can make 
you feel terrible. Fortunately, the 
immune system is engineered to 
learn from the past. While your 
body is producing new B-cells and 
T-cells to fight the pathogens, it 
also produces memory cells - 
copies of the B-cells and T-cells, 
which stayin the system after the 
pathogen is defeated. The next 
time that pathogen shows up in 
your body, these memory cells 
help launch a counter-attack much 
more quickly. Your body can wipe 
out the invaders before any 
infection takes hold. In other 
words, you develop immunity. 

Vaccines accomplish exactly the 
same thing asthis bysimply 
giving you just enough pathogen 


& 


2. Bacterium antigen 
These distinctive molecules allow your immune system to 
recognise that the bacterium is something other than a body cell. 


barteri 3. Macrophage 1. Bacterium 
During the initial These white blood Any bacteria that enter 
inflammation reaction, Cells engulf and digest your body have 
a macrophage engulfs any pathogens they characteristic antigens 

come across. on their surface. 


h 


the bacterium. 


w” 





= 
7. Non- 


matching B-cells 
Other B-cells, engineered to 
attack other pathogens, 
don’t recognise the antigen. 





- 


5. Presented 
bacterium antigen 

After engulfing the bacterium, the 
macrophage ‘presents’ the 
bacterium’s distinctive antigens, 
communicating the presence of 
the specific pathogen to B-cells. 


<> wD 








6. Matching B-cell 
The specific B-cell that 
recognises the antigen, and 
can help defeat the pathogen, 
receives the message. 


9. Memory cell 
The matching B-cell also 
replicates to produce 
memory cells, which will 
rapidly produce copies of 


take down the attacker. 
The B-cells flood your body with 
antibodies, molecules that either 


exposure for you to develop 
memory cells, but not enough to 
make you sick. 

















attack 


B-cells target and 
destroy specific 
bacteria and invaders 


11. Phagocyte 
White blood cells 
called phagocytes 
recognise the antibody 
marker, engulf the 
bacteria, and 

digest them. 





How B-cells 






itself if the specific 
bacteria ever returns. 





10. Antibodies 


The plasma cells release 
antibodies, which 
disable the bacteria by 
latching on to their 
antigens. The antibodies 
also mark the bacteria 
for destruction. 


8. Plasma cell 
The matching B-cell 
replicates itself, 
creating many 
plasma cells to fight 
all the bacteria of this 
type in the body. 
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Your tonsils can help 
fight bacteria 
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1. Tonsils 

Lymphoid tissue loaded with 
lymphocytes, which attack 
bacteria that get into the body 
through your nose or mouth. 


2. Left subclavian vein 
One of two large veins that serve 
as the re-entry point for lymph 

returning to the bloodstream. ) 


3. Right lymphatic duct 
Passageway leading from lymph vessels 
to the right subclavian vein. 


4. Right subclavian vein 
The second of the two subclavian 

veins, this one taking the opposite 
path to its twin. : 


5. Spleen 
An organ that houses white ,, 
blood cells that attack 
pathogens in the 

body’s bloodstream. 


10. Lymph vessels 
Lymph collects in tiny capillaries, 
which expand into larger vessels. 
Skeletal muscles move lymph 
through these vessels, back into 
the bloodstream. 


The lymphatic system is a network 
of organs and vessels that collects 
lymph - fluid that has drained from 

the bloodstream into bodily tissues 
—and returns it to your bloodstream. It 
also plays a key role in your immune 
system, filtering pathogens from lymph 
and providing a home-base for 
disease-fighting lymphocytes. 


~ ©DKImages 
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6. Lymph 

node cluster 

Located along lymph vessels 
throughout the body, lymph nodes 
filter lymph as it makes its way back 
into the bloodstream. 


7. Left 
lymphatic duct 


Passageway leading from 
lymph vessels to the left 
subclavian vein. 


8. Thymus gland 
Organ that provides area for 
lymphocytes produced by bone 
marrow to mature into 
specialised T-cells. 


9. Thoracic duct 
The largest lymph vessel 
in the body. 


11. Peyer’s patch 

Nodules of lymphoid tissue supporting 
white blood cells that battle pathogens 
in the intestinal tract. 


12. Bone marrow 
The site of all white blood 
cell production. 


Lymph 
nodes 
explained 


Lymph nodes 
filter out 
pathogens 
through your 
lymph vessels 


Your immune system depends 
on these .o4-1-inch swellings 
to fight all manner of 
pathogens. As lymph makes 
its way through a network of 
fibres in the node, white blood 
cells filter it, destroying any 
pathogens they find. 











DID YOU KNOW? In 2008, approximately 33 million people worldwide were living with HIV or AIDS 
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Major points of the lymph node 


1, Outgoing lymph 
vessel 

Thevessel that carries 
filtered lymph out of the 
lymph node 

2. Valve 

Astructure that prevents 
lymph from flowing back 
into the lymph node 

3. Vein 

Passageway for blood 
leaving the lymph node 
4. Artery 

Supply of incoming blood 
for the lymph node 

5. Reticular fibres 
Divides the lymph node 
into individual cells 

6. Capsule 

The protective, shielding 
fibres that surround the 
lymph node 


7. Sinus 

Achannel that slows the 
flow of lymph, giving 
macrophages the 
opportunity to destroy any 
detected pathogens 

8. Incoming lymph 
vessel 

Avessel that carries lymph 
into the lymph node 

9. Lymphocyte 

The T-cells, B-cells and 
natural killer cells that 
fight infection 

10. Germinal centre 
Thisis the site of 
lymphocyte multiplication 
and maturation 

11. Macrophage 

Large white blood cells that 
engulf and destroy any 
detected pathogens 


Know your 
enemy: 


Bactenia 


Bacteria are the smallest and, by far, the most populous form of 
life on Earth. Right now, there are trillions of the single-celled 
creatures crawling on and in you. In fact, they constitute about 
four pounds of your total body weight. To the left is alook at 
bacteria anatomy... 


What ts HIV... 


...and how does it affect the 
immune system? 


The human immunodeficiency virus (HIV) is a retrovirus (a 
virus carrying ribonucleic acid, or RNAas it’s known), 
transmitted through bodily fluids. Like other deadly 
viruses, HIV invades cells and multiplies rapidly inside. 
Specifically, HIV infects cells with CD4 molecules on their 
surface, which includes infection-fighting helper T-cells. 
HIV destroys the host cell, and the virus copies go on to 
infect other cells. As the virus destroys helper T-cells, it 
steadily weakens the immune system. If enough T-cells are 
lost, the body then becomes highly susceptible to a range of 
(ohbaK=)q=) eum bevcare1m (opalspr- Mere) ele el eleva ceslenuisen-lor-leelbunacrel 
immune deficiency syndrome (AIDS). 








c| oe 


Scanning electron micrograph of HIV-1 budding (in green) from 
cultured lymphocyte. This image has been coloured to highlight the 
most important features. Multiple round bumps on the cell surface 
represent sites of assembly and budding of virions. 
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How old 
Is your 
body? 


You will make 2 million new 
red blood cells in the time it 
takes you to read this sentence 








our body contains 37.2 trillion cells. There 

are 86 billion neurons in your brain, 50 

billion fat cells insulate your skin, and every 
cubic millimetre of your blood contains 4-6 million 
cells. But they don’t live forever. Cells get old and 
damaged, and your body is constantly racing to 
replace them. Red blood cells only live for about 
three months; 50 million skin cells flake away every 
day; and sperm cells only last for three to five days. 
Read on to find out just how old you really are. 


3 hours 


Studies of cheek lining cells in 
saliva have revealed that the lining 
fo) mdal-wanlelelvamaal(elalmaclac\iacsomr-iit 

as every 2.7 hours. 


3-5 days 


yAXo [0] | au pate] (=som ©) cole [U(ex=W i c=t<l as) 0l-) gan exe) aici] a1 ahVA 
These cells can survive for between three and 
five days as they search for an egg. 








50+ 
years 


Females are born 
with all of the egg 


Mm cells they will ever 


have, but they are 


after the 
fa at=vare) eye lU son 









yA Wa) (oll t-\V=) axe) im ga lU(o10 om 0) go) K=\or ns 
the cells lining the stomach, but 
they are still replaced at least 
once a week. 





no longer released 








LENS 


SO+ 
YEARS 


The lens is the part of the eye that 
focuses light onto the retina. It is 
mostly made up of fibrous tissue 
Flute Meck: em elelmeimere)ale-|lal-e-M re Vale 

of cells that live as long as you do. 










= 


10-30 days 





There are between 18 and 23 layers 

fo} me (=¥-le ox=) | Me) amual=Mel0|u-j(0(-Me) mele] s 

skin. New cells push up from below 
the surface every few weeks. 


|e] ge{emeox=) | mere] |(=cem aal=\er-].<c] aVeleavAness 
inate] ,comigslelanslalecmer-]i(sle me) f-1K=) (216s 

which plug leaks in blood vessels. 

They only last for around ten days. 








80+ 
years 


bole maalielais 
have heard 
that the 
whole body 
renews itself 
every seven 
years, but 
brain cells 
Fetsi r= Kom fo) ale 
as we do. 




















8 days 


ai aveme(=)| (or-1komllalialemeymaatom (6lave|om om [Uls1me)al=) 
cell thick and lasts just over a week. 









DID YOU KNOW? Mony tissues and organs contain adult stem cells. These can make new cells for their particular tissue 














’ LARGE 








CEREBRAL NEURONS 
‘ 80+ YEARS 

J LENS CHEEK 
80+ years RINIINE 

Cualelelas 

\ LINING ea 
; HONOEN RUN CHEINTINe 
4 ayS } 8 days 


The lining of the intestine is one EPIDERMAL 
of the fastest-renewing tissues in CELLS 
the body. Its job is to remove 


10-30 days 


LIVER 
Wee] K=) mu icelanmel(e(-s-1 ule coleleMe-lale ms ears 
regrows every three or four days. 6-12 
( \ _s naroyalaats) 
PANCREATIC 
CEEIES 
iWaaaeyaieals 
INTESTINAL 
RINNE sess 
3-4 days PESTA 
INTESTINAL q 
2-4 days ci S 
2-4 days 
Wi arom ilalialeme)maatsB)patel | Mialnsscidlavcwe]escve)go)s) 
nutrients from digested food. It gets 
replaced every two to four days. 
mele 
50+ years 
THE CELLS THAT MEMORY T BONE 
LINE THE SMALL soya an sre 
T and B cells are part of the Z >) eals 
N 5 yAN 2 5 immune system. After they 
clear an infection they stick 
around for years in case the 
10) \¥/| a O) eae A Same pathogen shoul 
FASTEST “a rest ‘a 
- DGeve 60 years 


DAD NICRG AES 
IN THE BODY 


Beta cells in the pancreas make 


insulin. Their exact lifespan is still 
I WAL) NTHS Uyal.qare\uarmeleimcver(slaldciecmualial q@uuatels 
PANCREATIC they live for over a year. 
CELLS 


/MAV{=1 ax ox=) | om ale) a pate] | NVA (loi ce) 4010 261016) 
(o Fe \ Vice ol Ul um dal=\Varor- Jamel \V(e(=Me-]e)(e| Nabi 
needed. Remove 75 per cent of the 
liver and it will grow back. 





BONE Bone-absorbing osteoclasts live for two weeks, 


CELLS 2? WEEKS-25 YEARS _ bone-making osteoblasts for three months and 


bone-sustaining osteocytes for up to 25 years. 





5 DAYS 


AYAVd aVik=m ©) ofee mox=) | more] |(=\oMal=l01uae)e)allcm-la-Mal ecime)pmaalsmcverslal= 
when an infection strikes. They live for less than a week. 
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regnancy is a unique periodina 

woman’s life that brings about 

physical and emotional changes. 
When it occurs, there is an intricate 
change in the balance of the oestrogen 
and progesterone hormones, which 
causes the cessation of menstruation and 
allows the conditions in the uterus 
(womb) to become suitable for the growth 
of the fetus. The lining of the uterus, 
rather than being discharged, thickens 
and enables the development of the baby. 

At first, itis a collection of embryonic 

cells no bigger than a pinhead. By week 
four the embryo forms the brain, spinal 
cord and heart inside the newly fluid- 
filled amniotic sac. Protected by this 
cushion of fluid, it becomes recognisably 
human and enters the fetal stage by the 
eighth week. 


This begins after the last menstrual period, when an egg is 
released and fertilised. It takes about nine weeks for the 
resulting embryo to develop into a fetus. During this period, 
the mother will be prone to sickness and mood swings due to 


hormonal changes. 


Head | 
Face begins to 
look human and 


the brain is 
developing rapidly. 
| | 
I i} 
| 
a 
J : . hs 
Ss 
baa! 
pal 
| ih 
ra] 
J 
S 
fo) 
on) 
jal 
y ui 
B \ a 
38 Movement ct 
2 Fetus moves around ’ 
= to encourage muscle ] 
= development. | 
= Weight 
$ 10g P 
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Human pregnancy | 


Nine months of change and growth , 


aa 


: Ae - 


= gain 
The average woman gains 12.5kg 
during pregnancy. This consists of... 
(These figures vary according to several factors 
including the age, race, diet and the 
pre-pregnancy weight and size of the person) 





Many demands are put on the mother’s 
body and she is likely to experience 
sickness, tiredness, lower-back pain, 
heartburn, increased appetite and muscle 
cramps, as well as the enlargement of her 
breasts and stretch marks. Her blood 
sugar levels, heart rate and breathing also 
increase to cope with the growing 
demands of the fetus. 

As the date of labour approaches, the 
mother feels sudden contractions known 
as Braxton-Hicks, and the neck of her 
uterus begins to soften and thin out. 
Meanwhile, the lungs of the fetus fill with 
surfactant. This substance enables the 
lungs to soften, making them able to 
inflate when it takes its first breath of air 
in the world. Finally, chemical signals 
from the fetus trigger the uterus to go 
into labour. 





The fetus grows rapidly and its organs 
mature. By week 20 its movements can 
be felt. At week 24 it can suck its thumb 
and hiccup, and can live independently 


Hair and teeth 

At 16 weeks, fine hair 
(lanugo) grows over the fetal 
body. By 20 weeks, teeth 
start forming in the jaw and 












of the mother with medical support. hair grows. 

Heart I Movement 

All the internal | By week 16 the eyes 

organs are formed | can move and the 

and the heart is able | whole fetus makes vigorous 

j to pump blood | | movements. 
| around its body. | | 

| Sound and light 


The fetus will respond to 
light and is able to hear 
sounds such as the 

mother’s voice. 


F ee 
- ee 


Vernix 

By 20 weeks, this 
white, waxy 
substance covers 
the skin, 
protecting it from 
the surrounding 
amniotic fluid. 
Weight 
Week 16: 140g 


| ; 
Week 20: 340g Sweating 


An increase in 


Length | blood circulation 
Length Week 16: 18cm causes mother to 
5.5cm Week 20: 25cm sweat more. 


Th eC D la ce nta The umbilical blood pats shatloced 


this jelly-like substance and protected by a 


The placenta is an essential interface between tough yet flexible outer membrane. 
the mother and fetus. When mature it isa22cm ee pee 
diameter, flat oval shape witha 2.5cm bulge inthe — ee Nas 
centre. The three intertwined blood vessels p “YY -_  —aa=s 





from the cord radiate from the centre to the 
edges of the placenta. Similar to tree roots, 
these villous structures penetrate the 
placenta and link to 15 to 20 lobes on the 
maternal surface. 

The five major functions of the 
placenta as tasked with 
respiration, nutrition, excretion _ 
of waste products, bacterial 7 | 
protection and the production of ( ee 
vital hormones. — y 


Placenta body | 
Is firmly attached to the inside | 7am 
of the mother’s uterus. 


~ ©Science Photo Library 


Maternal surface y 
Blood from the mother is ( é 

absorbed and transferred to the “ y \ 
fetal surface. : \ | 


Fetal surface ? 
Blood vessels radiate out from the umbilical 

cord and penetrate the placenta. The surface 

is covered with the thin amnion membrane. — @ ; 


Umbilical cord 

Consists of three blood vessels. Two carry carbon 
dioxide and waste from the fetus, the other supplies 
oxygen and nutrients from the mother. 

















Breathlessness Movement Now almostat full term, the fetus can recognise and 
The increased size of By the 28th week, respond to sounds and changes in light. Fat begins 
the fetus by 24 weeks due to less room in to be stored under the skin and the lungs are the 
causes compression of uterus, the fetus will lact t t 
rib cage and discomfort wriggle if it feels very last organs to mature. 
for mother. uncomfortable. 
y Hands 
j The fetus can move 
f its hands to touch 
y its umbilical cord at 
f 24 weeks. 
y 
f fer 
j Position 
j By 28 weeks, the 
| uterus has risen to 


a position between 
the navel and the 
breastbone. 


Under pressure 

Pressure on the diaphragm and 
other organs causes indigestion and 
heartburn in the mother. She will 
find it difficult to eat a lot. 


Position 


= in 





; > = — Head positions itself downwards, in 
Weight ~~ Head preparation for labour. 
Week 24: 650g The head 
Week 28: 1,250g can move 

at 28 weeks 
Length and the eyes Sleep patterns 
Week 24: 34cm can open Fetus will sleep and wake in 
Week 28: 38cm —_ and see. 20-minute cycles. 
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DID YOU KNOW? While a fever is arise in body temperature caused by your body, hyperthermia is a rise your body can't control 





Bacteria Vs Virus 


Which is which, and why does it even matter? 


hen you've gota sore throat, the cause Viruses, on the other hand, are not technically invading 
doesn't always seem important. Some alive. They carry genetic information containing microbes 
microscopic nasty is waging war with the instructions to build more virus particles, but together, “y HWE The flu virusis ~ 
yourimmune system, ithurts,andyoujustwantto theydon’thavetheequipmenttomakemolecules slowingthem Sard covered in. 
feel better. But whether it’s bacteria or a virus on themselves. To reproduce, they need to getinsidea downand WS molecules that 
. ; — B : . eer . ee eals\ionimeonme(-1 
the rampage is actually very important. living cell and hijack its machinery, turning it into marking them for an SSE incideccllsh 
Bacteria are each made from justa single, avirus factory. eventual destruction. Ney fae Fe | ‘ 
primitive cell. Their insides are separated from the Both bacteria and viruses can cause diseases, For viruses, your 
outside by a fatty membrane anda flexible coat of but knowing whichis the culprit is critical to immune system can search 
armour called the cell wall. Their genetic treating them effectively. Antibiotics can harm for any infected cells before 
information is carried on loops of DNA, and these bacteria, but have no effect on viruses. Even your initiating a self-destruct sequence to dispose of 
contain tiny factories calledribosomes, whichuse ownimmunesystem uses different tactics. anything nasty lurking inside. But some viruses 
the genetic code to produce the molecules that the For bacteria, the immune system unleashes are able to endure our defences, and can remain 
bacteria need to grow, divide and survive. antibodies — projectile weapons that stick inside us indefinitely. 










The membrane helps 
to control what goes 
in and out of the 


Both are microscopic, but take a closer 
look and the differences become clear 


Bacteria carry their 


Viruses carry bacterium. 
These small loops of 
Viruses do not possess the genetic information; — DNA can be See ane 
tools to make their own | some in the form of from DNA. between bacterial cells. 









DNA, and others in 
the form of RNA. 


molecules, and are missing 
genes vital for life. 


Bacteria have a protective 
cell wall, which helps to 
maintain their structure. 


The virus’ genetic These structures allow 


information is stored inside Some viruses also have an bacteria to make the 
a protective covering of outer envelope, often made molecules that they 
molecules called proteins. from fat and protein. need to live. 


“For viruses to 
reproduce, the 
need to get inside a 
living cell and hijack 
Its machinery, 
turning it into a 
virus factory” 
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DID YOU KNOW? You could potentially produce enough saliva to fill two bathtubs a year 


What Is saliva? 


Find out this frothy liquid’s 
vital role in maintaining 
human health 








umans can produce an incredible two 
litres (half a gallon) of saliva each day. It * 
is made up of 99.5 per cent water, so how 





is it able to perform so many important Parotid gland 
functions in our mouths? The answer lies in the _ The parotid glands are the 
largest salivary glands. 
remaining 0.5 per cent, which contains a host of They are made up of serous 
enzymes, proteins, minerals and bacterial ; cells which produce thin, 
‘ ‘ Parotid duct watery Saliva. 
compounds. These ingredients help to The parotid duct 
digest food and maintain oral hygiene. Dj ti allows saliva to move 
Assoonas food enters the mouth, A edb Lee BULL: easily from the 

The digestion process parotid gland to 
saliva’s enzymes start to break it begins in the mouth, as feat 
down into its simpler components, saliva contains enzymes 

: oe oe tate — that start to break down 
while also providing lubrication to . 

starches and fats. / 


enable even the driest snack to slide 


easily down the throat. Saliva is also important 

in oral health, as it actually helps to protect the 

teeth from decay and it also controls bacterial 

levels in the mouth in order to help reduce the = 
overall risk of infection. Without sufficient — | \ 
saliva, tongue and lip movements are not as — — | 


smooth, which, in extreme cases, can make it 





very difficult to speak. — a a \ 

With advanced scientific techniques and f ‘ | * | 
research, an individual's saliva can reveala | —— 4 | ; iJ 
great deal of information. New studies have es , | 


shown that a saliva test can be used to find out 
whether a person is at risk of a heart attack, as it 
contains C-reactive protein (CRP). This can bean g 
indicator of heart disease when found at A 
elevated levels in the blood. A saliva test is much 
less intrusive than a blood test and gives doctors 
a rough estimate of the health ofa patient’s 
heart. What’s more, saliva contains your entire 
genetic blueprint. Even tiny amounts, 





Sublingual gland 


equivalent to less than halfa teardrop, can Composed primarily of Submandibular gland Submandibular duct 
provide a workable DNA sample that can be mucous cells, these glands These glands produce roughly Also known as the Wharton 
frozen and thawed multiple times without secrete only a small amount of 70 per cent of your saliva. They duct, this drains saliva from 
; saliva, accounting for about are composed of both serous both the submandibular and 
breaking down. five per cent. and mucous cells. sublingual glands. 


saliva performs Mf O@= 1a Moe= 1 AVE Bey ofetete Melo materi [inlet 


a variety of 
functions and BRVETavaentaaelexeloMiaiatiaiatein-l Nan elti ane created two dishes of cells, one that 
can actually help iittcwo\limsarcimeaiccMceee \-lliiane was treated with saliva and one that 
wounds to heal [ai Ttarctacmitel diatemeatclimfeltlats Sen Wca0(eh was left open. The scientists were 
iKolUlaleMuat-lumualcla= om- Mere) galelelelaremia astounded when after 16 hours the 


human saliva, namely histatin, which saliva-treated wound was almost 

can speed up the healing process. completely closed, yet the untreated 
Scientists conducted an experiment wound was still open. This 

Urs} [ave m=) e)iuatelit-]mexs)| omagelanlre demonstrated that saliva does aid the 
Wo) [Ul al nsx) meow lalate) arevalsis).@melast-lalaenre) alexe) lake me) mrs (=t- Ks) me) @-] MUelelale ioe 
wound in the cells so that the healing something that has been suspected 
process could be monitored. They but unproven until this study. 
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Neurotransmitters 


and your feelings 





Are our moods and emotions really just brain chemistry? 


essages are passed from one nerve cell 
to the next by chemical messengers 
called neurotransmitters. Each hasa 
slightly different effect and by looking at what 
happens when neurotransmitter levels change, 
we are discovering that different combinations 
play a roleina range of complex emotions. 

Acetylcholine excites the nerve cells that it 
touches, triggering more electrical activity. It 
plays a role in wakefulness, attention, learning 
and memory, and abnormally low levels are 
found in the brains of people with dementia 
caused by Alzheimer’s disease. 

Dopamine is a chemical that also excites 
nerve cells. It plays a vital role in the control of 
movement and posture, and low levels of 
dopamine underlie the muscle rigidity that 
exists in Parkinson’s disease. Dopamine is also 
used in the brain’s reward circuitry and is one of 
the chemicals responsible for the good feelings 





Receptor 
Nerve cells c 


The synapse 


Neurotransmitters pass 
messages from one 


nerve cell to the next receptors to 


Incoming 
signal 
Neurotransmitter 
release is only 
triggered when 
there is enough 
electrical activity 
in the nerve cell. 


Neurotransmitters 
These chemical messengers 
travel across the small gap 

- called the synaptic cleft - 
and stick to receptors on 
nearby nerve cells. 


New signal 
If a neighbouring nerve 
receives the right 
chemical messages it 
will trigger a new 
electrical signal. 


Ma 







Synapse 
Nerve cells communicate by 
releasing neurotransmitters at 

specialised junctions called synapses. 


Part of a network —— 
Each nerve cell makes thousands of ‘ 
connections to its neighbours and 

has its own mix of different 

neurotransmitters and receptors. 
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that are normally associated with more 
addictive behaviour types. 

Noradrenaline is similar in structure to the 
hormone adrenaline and is involved in the ‘fight 
or flight’ response. In the brain, it keeps us alert 
and focussed. In contrast, GABA reduces the 
activity of the nerves that it interacts with and is 
thought to reduce feelings of fear or anxiety. 

Serotonin is sometimes known as the ‘happy 
hormone’ and transmits signals involved in 
body temperature, sleep, mood and pain. People 
with depression have been found to have lower 
serotonin levels than normal, though raising 
serotonin levels with antidepressant 
medications does not always help. 

There are many more neurotransmitters in 
the brain and other chemicals like hormones 
can also influence the behaviour of nerve cells. 
It is these interactions that are thought to 
underlie the huge range of human emotions. 


Schizophrenia Anxiety Happiness 


| 


Love 





Fight or flight 


ull 


MH Serotonin Ml Oxytocin 
~ Adrenaline 


Depression 








MM Dopamine 
MH Noradrenaline 


Different levels of neurotransmitters have been 


associated with different mental states 
an only respond to a 


specific neurotransmitter if they 
have the right corresponding 


Feelings 
The combined activity 
across this complex 
system is what 
underpins our thoughts, 
feelings and emotions. 











detect it. 


© BSIPSA/Alamy; Thinkstock 


Brain cells 


Find out what's really going on inside your head 


our brain is an incredible thing. It is one 
of the most complex structures in the 
known universe, and for decades, 
scientists have been teasing it apart to find out 
what it’s made of and how it works. 
The brain is an electrical and chemical circuit, 


and nerve cells, or neurons, are the components. 


They each have a cell body, which contains their 
genetic code, an axon to transmit electrical 
impulses, and dendrites to receive them. 

They are connected together at junctions 
known as synapses. When an impulse arrives, 
packets of molecules are released, passing the 
message on. Each neuron makes hundreds, or 
even thousands, of connections, producing the 


complicated patterns that drive human thought. 


There are hundreds of different types of 
neuron in the brain, categorised according to 
their unique structure and function, and more 


Under the 
microscope 


A closer look at the brain 
reveals a complex network 
of different cells 


Neuron 

These are the nerve cells, 
responsible for transmitting 
and receiving the electrical and 
chemical signals in the brain. 


Dendrite 
These branching processors 


receive thousands of incoming 
signals from other neurons. 


Microglia 

These are specialist 
immune cells, helping to 
keep the brain healthy 
and free from disease. 


are being discovered all the time. But they can’t 
function on their own. They are supported bya 
network of glial cells -—a name that literally 
means ‘glue’. 

There are three main types of glial cell. 
Oligodendrocytes have fatty branches, which 
they wrap around the conducting axons of nerve 
cells like the plastic coating on electrical wires. 
This provides insulation, preventing signals 
from getting crossed and speeding up their 
transmission along the chain. 

Microglia are part of the immune system and 
act like an in-house cleanup crew, tracking 
down pathogens and clearing debris from the 
brain. Then there’s the star-shaped astrocytes, 
which reach between nerve cells and blood 
vessels with their long, thin arms, shuttling 
nutrients, mopping up waste products, and even 
getting involved with chemical signalling. 


Oligodendrocyte 
These cells provide insulation, 
wrapping fatty membranes 
around the neurons to speed 
up their electrical signals. 


Astrocyte 





Synapse 


























These star-shaped cells Axon 

support the neurons, This part of the neuron 
providing nutrients, transmits electrical 
clearing waste and signals towards 
contributing to signalling. neighbouring cells. 


Chemical signals are 
exchanged at these 
junctions, passing 
messages from one 
neuron to the next. 


This microscope 
image shows 
astrocytes grabbing 
on to blood vessels 
with their ‘feet’ 
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THE BODY AT WORK 





How do white 
blood cells work? 








One of the body’s main defences against infection and foreign 
pathogens, how do these cells protect our bodies? 





hite blood cells, or leukocytes, are 
Wie: body’s primary form of defence 

against disease. When the body is 
invaded bya pathogen of any kind, the white 
blood cells attack in a variety of ways; some 
produce antibodies, while others surround 
and ultimately devour the pathogens whole. 

In total, there are five types of white blood 
cell (WBC), and each cell works in a different 
way to fight a variety of threats. These five 
cells sitin two groupings: the granulocytes 
and the agranulocytes. The groups are 
determined based on whether a cell has 
‘granules’ in the cytoplasm. These granules 
are digestive enzymes that help break down 
pathogens. Neutrophils, eosinophils and 
basophils are all granulocytes, the enzymes 
in which also give them a distinct colouration 
which the agranulocytes do not have. 

As the most common WBC, neutrophils 
make up between 55 and 70 per cent of the 
white blood cells in a normal healthy 
individual, with the other four types 
(eosinophils, basophils, monocytes and 
lymphocytes) making up the rest. Neutrophils 
are the primary responders to infection, 
actively moving to the site of infection 
following a call from mast cells aftera 
pathogen is initially discovered. They 
consume bacteria and fungus that has broken 
through the body’s barriers in a process 
called phagocytosis. 

Lymphocytes - the second-most common 
kind of leukocyte - possess three types of 
defence cells: B cells, T cells and natural killer 
cells. B cells release antibodies and activate T 
cells, while T cells attack diseases such as 
viruses and tumours when directed, and 
regulatory T cells ensure the immune system 
returns to normal after an attack. Natural 
killer cells, meanwhile, aid T cell response by 
also attacking virus-infected and tumour 
cells, which lack a marker known as MHC. 

The remaining types of leukocyte release 
chemicals such as histamine, preparing the 
body for future infection, as well as attacking 
other causes of illness like parasites. 


“Natural killer cells 
gid T cell response 
by also attacking 
virus-infected and 
tumour cells” 
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Types of leukocyte 


Different kinds of WBC have different roles, which 
complement one another to defend the body 


Lymphocyte 

These release antibodies as well as attack 
virus and tumour cells through three differing 
types of cell. As a group, they are some of the 
longest lived of the white blood cells with the 
memory cells surviving for years to allow the 
body to defend itself if repeat attacks occur. 


Eosinophil 
Eosinophils are the 
white blood cells 
that primarily deal 
with parasitic 
infections. They also 
have a role in allergic 
reactions. They 
make up a fairly 
small percentage of 
the total white blood 
cells in our body 

- about 2.3 per cent. 


Monocyte 

Monocytes help prepare us for 
another infection by presenting 
pathogens to the body, so that 
antibodies can be created. Later 
in their life, monocytes move 
from the bloodstream into tissue, 
and then evolve into macrophages 
which can conduct phagocytosis. 
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Basophil 
Basophils are involved in allergic response via 
releasing histamine and heparin into the 
bloodstream. Their functions are not fully 
known and they only account for 0.4 per cent 
of the body’s white blood cells. Their granules 
appear blue when viewed under a microscope. 


Neutrophil 
Neutrophils are the most 
common of the leukocytes. 
They have a short life span 
so need to be constantly 
produced by the bone 
marrow. Their granules 
appear pink and the cell 
has multi-lobed nuclei 
which make them easily 
differentiated from other 
types of white blood cell. 
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The body has various outer defences against infection, including the 
external barrier of the skin, but what happens when this is breached? 


Amicroscopic illustration 
(o}it- Welcrbinae)e)ebemenselsmentelcit 
elelepelersBelmllgsie 
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From inheritance to genetic diseases, what secrets are hidden 
in our genes and how do they. determine who we are? 
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DID YOU KNOW? [f all 46 human chromosomes were stitched together and stretched they would measure nearly em [6.6ft) 





enes define who we are. They are the 
basic unit of heredity, each containing 
a coded set of instructions to make 
a protein. Humans have an estimated 
20,500 genes, varying in length from a few 
hundred to more than 2 million base pairs. 
They affect all aspects of our physiology, 
providing the code that determines our 
physical appearance, the biochemical reactions 
that occur inside our cells and even, many 
argue, our personalities. 

Every individual has two copies of every gene 
— one inherited from each parent. Within the 
population there are several alleles of each 
gene - that is, different forms of the same code, 
with a number of minor alterations in the 
sequence. These alleles perform the same 
underlying function, but it isthe subtle 
differences that make each of us unique. 

Inside each of our cells (except red blood 
cells) is anucleus, the core which contains our 
genetic information: deoxyribonucleic acid 
(DNA). DNA is a four-letter code made up of 
bases: adenine (A), guanine (G), cytosine (C) and 
thymine (T). As molecular biologist Francis 
Crick once put it, “DNA makes RNA, RNA makes 
protein and proteins make us.” Our genes are 
stored in groups of several thousand on 23 
pairs of chromosomes in the nucleus, so when 
a cell needs to use one particular gene, it 
makes a temporary copy of the sequence in the 
form of ribonucleic acid (RNA). This copy 
contains all of the information required to 





How is our genetic code stored? 


Genetic information is coded into DNA using just 
four nucleobases: A, C, Gand T 


Chromosome 
Humans have 46 
chromosomes - that’s 
23 pairs containing 
around 20,500 genes. 





Nucleus 
Surrounded by a double- 
thickness membrane, the 
nucleus contains the genetic 
information of the cell. 














Double stranded 

DNA has two complementary strands 
- one forms a template to make the 
other, allowing accurate replication. 


Dow 


Double helix 

DNA is arranged in a double helix 
shape, with the bases forming the 
ladder-like rungs in the centre. 


Base pairs 
The bases of DNA 
are always found 
in pairs: adenine 
pairs with thymine, 
and guanine pairs 
with cytosine. 





DNA’s chemical structure 


We put deoxyribonucleic acid under 


the microscope 


Phosphate 
Phosphate groups 
link the sugars of 
adjacent nucleotides 
together, forming a 
phosphate backbone. 





Sugar 

Each base is attached 
to a five-carbon sugar 
called deoxyribose. 







Nucleotide 
DNA is a polymer made up of 
building blocks called nucleotides. 


Hydrogen bond 
Two bases interact with 
each other by hydrogen 
bonds (weak electrostatic 


interactions that hold the 
strands of DNA together). 


Nucleobase 

Each nucleotide contains a base, which can 
be one of four: adenine (A), thymine (T), 
guanine (G) or cytosine (C). 


113 





make a protein - the building blocks of the 
human body. 

The Human Genome Project aimed to map 
the entire human genome; this map is 
effectively a blueprint for making a human. 
Using the information hidden within our 
genetic code, scientists have been able to 
identify genes that contribute to various 
diseases. By logging common genetic variation 
in the human population, researchers have 
actually been able to identify over 1,800 
disease-associated genes, affecting illnesses 
ranging from breast cancer to Alzheimer’s. The 
underlying genetic influences that affect 
complex diseases such as heart disease are still 
not yet fully understood, but having the 


Mapping the human genome 
How does our genetic makeup compare 


genome available to study is making the task of 

identifying the genetic risk factors much easier. 
Interestingly, the Human Genome Project 

discovered we have far fewer genes than 

first predicted; in fact, only two per cent of 

our genome codes for proteins. The remainder 

of the DNA is known as ‘non-coding’ and 

serves other functions. In many human 

genes are non-coding regions called introns, 

and between genes there is intergenic 

DNA. One proposed function is that these 

sequences act as a buffer to protect the 

important geneticinformation from mutation. 

Other non-coding DNA acts as switches, which 

helps the cell to turn genes on and off at the 

right times. 


to that of other creatures? 


Zebrafish 


Divergence between fish and 


mammals would have 
occurred very early in 
evolution, so similarities in our 
genes are very fragmented. 


Human 


This ring represents 
the genes ona 
human chromosome, 
with the numbers 


providing a 


representation 


of scale. 










98 per cent). 
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Chimpanzee 

One of our closest living 
relatives - the solid bands 
demonstrate we share a great 
deal of genetic information (ie 





Mouse 

There is less in common between 
human and mouse (90 per cent), but 
we are sufficiently similar that mice 
make a good scientific model for 
studying human disease. 


Genetic mutations are the source of variation 
in all organisms. Most genetic mutation occurs 
as the DNA is being copied, when cells prepare 
to divide. The molecular machinery responsible 
for duplicating DNA is prone to errors, and often 
makes mistakes, resulting in changes to the 
DNA sequence. These can be as simple as 
accidentally substituting one base for another 
(eg A for G), or can be much larger errors, like 
adding or deleting bases. Cells have repair 
machinery to correct errors as they occur, and 
even to kill the cellifit makes a big mistake, but 
despite this some errors still slip through. 

Throughout your life you will acquire many 
cell mutations. Many of these are harmless, 
either occurring in non-coding regions of DNA, 








sale ry 1 
“= Chicken 
wee’ Despite the fact 
that we are not 
closely related to 
birds, the chicken 
still has regions of 
DNA that are quite 
similar to ours. 





















Dog 

Some regions of the 
canine genome are 
very different to ours, 

] but the pink bands 
show an area that has 
been conserved. 


Rat 


The mouse and rat genomes 
have similar patterns, 
demonstrating these rodents’ 
close evolutionary relationship. 


or changing the gene so nominally that the 
protein is virtually unaffected. However, some 
mutations do lead to disease. 

If mutations are introduced into the sperm 
and egg cells they can be passed on to the next 
generation. However, not all mutations are bad, 
and this process of randomly introduced 
changes in the DNA sequence provides the 
biological underpinning that supports Darwin's 
theory of evolution. This is most easily observed 
in animals. Take, for example, the peppered 
moth. Before the Industrial Revolution the 
majority of these moths had white wings, 
enabling them to hide against light-coloured 
trees and lichens. A minority had a mutant 
gene, which gave them black wings; this made 
them an easy target for predators. When 
factories began to cover the trees in soot, the 





light-coloured moths struggled to hide 
themselves against the darker environment, so 
black moths flourished. They survived much 
longer, enabling them to pass on their mutation 
to their offspring and altering the gene pool. 

Itis easy to see howa genetic change like the 
one that occurred in the peppered moth could 
give an advantage to aspecies, but what about 
genetic diseases? Even these can work to our 
advantage. A good example is sickle cell 
anaemia — a genetic disorder that’s quite 
common in the African population. 

Asingle nucleotide mutation causes 
haemoglobin, the protein involved in binding 





Carrier children 
Two out of four will be 
carriers, like their parents, 
with one normal and one 
faulty gene. 





oxygen in red blood cells, to misfold. Instead of 
forming its proper shape, the haemoglobin 
clumps together, causing red blood cells to 
deform. They then have trouble fitting through 
narrow capillaries and often become damaged 
or destroyed. However, this genetic mutation 
persists in the population because it hasa 
protective effect against malaria. The malaria 
parasite spends part of its life cycle inside red 
blood cells and, when sickle cells rupture, it 
prevents the parasite from reproducing. 
Individuals with one copy of the sickle cell gene 
and one copy of the healthy haemoglobin gene 
have few symptoms of sickle cell anaemia, 


Why do we look 
like our parents? 


It’s acommon misconception that we inherit 
entire features from our parents - eg “You have 
your father’s eyes.” Actually inheritance is much 
more complicated - several genes work together 
to create traits in physical appearance; even eye 
colour isn’t just down to one gene that codes for 
‘blue’, ‘brown’ or ‘green’, etc. The combinations of 
genes from both of our parents create a mixture of 
their traits. However, there are some examples of 
single genes that do dictate an obvious physical 
characteristic all on their own. These are known as 
Mendelian traits, after the scientist Gregor Mendel 
who studied genetic inheritance in peas in the 
1800s. One such trait is albinism - the absence of 
pigment in the skin, hair and eyes due to a defect 
in the protein that makes melanin. 


Carrier parents 
Each parent carries the 
albinism gene (ark pink), but 
they have one normal gene 
(light pink), so they are able 
to make melanin. 


\ 





Gametes 

Each child inherits one 

gene from the mother and 

one from the father. 

Healthy child \ XA | 
One in four children will / \ \ >< Affected child 
receive one healthy gene \ A\ . >< One in four children will 
from the father and one / \ AY ; } receive two copies of the 
from the mother. / A ° faulty gene and as a 
/ o result will be unable to 
/ a L ~N \ 











produce melanin. 


® 
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but are protected from malaria too, allowing 
them to pass the gene on to their children. 

Genetics is a complex and rapidly evolving 
field and more information about the function 
of DNA is being discovered all the time. It is now 
known that environmental influences can alter 
the way that DNA is packaged in the cell, 
restricting access to some genes and altering 
protein expression patterns. Known as 
epigenetics, these modifications do not actually 
alter the underlying DNA sequence, but 
regulate how it is accessed and used by the cell. 
Epigenetic changes can be passed on from one 
cell to its offspring, and provide an additional 
mechanism by which genetic information can 
be modified across generations. 


“Environmental influences can alter 
the way that DNA Is packaged " 
















Repairing faulty genes 


We reveal how donated cells can be used to mend any 
damaged genes within the human body 


Target gene 
The healthy gene is 
isolated from the DNA 
of the donor individual. 


Packaging 
The gene is 
packaged into a 
delivery vector, 
like a virus, to 
help it get inside 
the target cell. 


Fertilised egg 

A fertilised human egg is a 
source of undifferentiated 
stem cells, which can 
become any type of cell. 


Transduction 


Embryonic 
stem cells 
The fertilised egg 


The new gene is introduced 
into the stem cells produced 
by the fertilised egg. 


When our genes 
go wrong... 


Cancer is not just the result of one or two 
genetic mutations - in fact, it takes a whole 
series of mistakes for a tumour to form. Cells 
(oxola) t=] a melalexele|=lalssow-lale mde [patel |mci0] 0) 0) a-s-i-10)g 
genes, whose healthy function is to tell the cell 
when it should and should not divide. If these 
become damaged, the cell cannot switch off its 
cell division programme and it will keep making 
copies of itself indefinitely. Each time a cell 
divides there is a risk that it will make a mistake 
WAV at=)a mere) o)Vd ale m lace D)\)AWar-lalemele-lel0l-]i\muntomerc)| 
nate] ,Cosom ale) goW-) ale mane) coM=) ace) sceer-(ecelUlanleli-lilale 
mutations that allow the tumour to progress 
Talkem aar-lilelat-lalmer-larecie 


How tumours develop 
sil 
4! 


Tumour-associated 
genes 





Mutagens 
Environmental factors, or 







becomes a blastocyst, 
which contains 
undifferentiated 
embryonic stem cells. 


Differentiation 
Chemical signals are 
added to the stem cells to 
force them to differentiate 
into the desired cell type, 
eg liver cells. Tra nsplant 

The new cells are transplanted into the recipient, 


carrying with them the healthy gene. 


Metastasis 
Further mutations allow cells 


Invasion 
As the tumour grows in 


Localised 
Cancer usually starts with just 


Genes normally involved in 
regulating cell behaviour can 
go on to cause cancer if they 
become mutated. 
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mutagens - such as radiation 
and chemicals - can cause 
damage to the DNA, leading to 
mutations in key genes. 


one or a few mutated cells; 
these begin to divide 
uncontrollably in their local 
area creating a tumour. 


size it starts to invade 
the surrounding area, 
taking over 

neighbouring tissues. 


of the tumour to break free and 
enter the bloodstream. From 
here they can be distributed 
throughout the body. 
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What ts anxiety? 


How our brains trigger a fight or flight response 





nxiety affects a huge number of people 
and can beso severe that it stops many 
sufferers from leaving their homes or 
doing their jobs. In the US, over 40 million 
people aged 18 or over endure an anxiety 
related disorder, while in the UK one in 20 
people are affected. Some researchers believe 
idatchmpastole(sy@amotshymncrel epale) (oyca’met-Kmbevileccvelaclemmels 
rise of anxiety related conditions; we are 
constantly on high alert with texts, emails, 
social media and news updates. 

Anxiety is a natural human response that 
serves a purpose. From a biological point of 
view, it functions to create a heightened sense 
of awareness, preparing us for potential 
threats. In a way, it’s nature’s panic button. 





How your brain reacts 


Bh aremelele ham ol al ant] Maas) ole) ax-m comet-lale(=) mor- am ol 
ida (eret-\q-leM o\Vmalelataidalast-le-lallaremoiimer-lace) aly 
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Two paths v 
A startling signal such as a sudden 
loud noise will be sent from the 
thalamus via two paths: one 
travels directly to the amygdala - 
Vale) qom | mer] [6] (er 4Nallalidt-]komuats 
fear response - and the other 
passes through the cortex to be 
processed more thoroughly. 


Thalamus 

Visual and auditory stimuli are first 
processed by the thalamus which 
iii ike) ecm davem (aero) galiaceminiie)gaat-laleyal 
and sends it to the areas where it 
for-]al oX=Mlalaclge)qcinclep 
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Stria terminalis 

The bed nucleus of the stria 

terminalis (BNST) is responsible 

Ke) aateliale-lialiaremict-lare)aexcmaalis 

emotion has been stimulated by 

id avow-]an\"e(els]t-Mm(stelellavemne) \ 
Koyare(=\entclaaamict=)|[alejome)m-larq(ciaVA \ 
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This is where the fear response is 

ud elelclaz\o mm MalM-]panvcelel-]t-Mer-]ame|el(e1.4hyg 
rolUsamYZele] au efoto \Vaelamal(elalel(s\aumr-lare 
research suggests that if this area 
of the brain is overactive, it may 
cause an anxiety disorder. 


“ 


When we become anxious our fight or flight 
response is triggered, flooding our bodies with 
rc} o)balsjoap@neten(sleeacvarcenetca mpaleyasjeynelsjejenapers 
(PaloyecKobacvarsUebeteyR-balomereyan tse) Man iseb(aemelcyye) 
increase your reflexes and reaction speed. Your 
body prepares itself to deal with potential 
danger by increasing the heart rate, pumping 
more blood to the muscles and by getting the 
lungs to hyperventilate. 

At the same time, the brain stops thinking 
about pleasurable things, making sure that all 
of its focus is on identifying potential threats. 
In extreme cases, the body will respond to 
anxiety by emptying the digestive tract by any 
means necessary, as this ensures that no 
energy is wasted on digestion. 










Some people who suffer 
anxiety find it hard to 
leave the house 





Ore a k=). 

(OJaoxswual=W-]pa\ye(er-]t-i-]aremall®) exeler-]an| oleh 
have received a stimulus, the cortex’s 
role is to find out what’s caused the fear 
response. Once the perceived danger is 
over, a section of the prefrontal cortex 
signals the amygdala to cease its 
activity. It is vital to turning off anxiety. 


Locus caeruleus 

This area of the brain stem is 
ud (ele (=\acvom o\vmdal=W-]pa\ve(el-](-mne) 
Talidte] komm date )a\vaci (e) [ele] (er-]| 
responses to anxiety or stress, 
such as an increase in heart 

ge 1toWr- lace eleleyi mellt-lalelan 
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memory centre, responsible 

ice) mt=valexofel [ave m-la\vmualacr-inevaliale) 
events that we experience in life 
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he network of blood vessels in the human 
body must cope with different volumes of 


blood travelling at different pressures. 
These blood vessels come in a multitude of 
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inside the | 
circulatory | 
system 


Arteries and veins form the plumbing system 
that carries blood around the body. Find out 
more about the circular journey it takes... 


different sizes and shapes, from the large, elastic 


aorta down to very tiny, one-cell-thick capillaries. 


Blood is the ultimate multitasker. It carries 
oxygen for various tissues to use, nutrients to 


provide energy, removes waste products and even 
helps you warm up or cool down. It also carries 
vital clotting factors which stop us bleeding. Blood 


comes in just two varieties; oxygen-rich 





Connective 
tissue 


H 
work? 


Veins carry low pressure blood. They contain 
numerous one-way valves which stop 
backwards flow of blood, which can occur 
when pressure falls in-between heartbeats. 
Blood flows through these valves towards the 
heart but cannot pass back through them in 
the other direction. Valves can fail over time, 
especially in the legs. This leads to saggy, 
unsightly veins, known as varicose veins. 
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(oxygenated) blood is what the body uses for 
energy, and is bright red. After it has been used, 
this oxygen-depleted (deoxygenated) blood is 
returned for recycling and is actually dark red (not 
blue, as is often thought). 

Blood is carried in vessels, of which there are 
two main different types — arteries and veins. 
Arteries carry blood away from the heart and deal 
with high pressures, and so have strong elastic 
walls. Veins carry blood back towards the heart 
and deal with lower pressures, so have thinner 
walls. Tiny capillaries connect arteries and veins 


Elastic layer 


Inner lining 


Outer 
protective 
layer 


Muscle layer 


Arteries - under 
pressure! 


Arteries cope with all of the pressure 
generated by the heart and deliver oxygen-rich 
blood to where it needs to be 24 hours a day. 
The walls of arteries contain elastic muscles, 
which allow them to stretch and contract to 
cope with the wide changes in pressure which 
is generated from the heart. Since the 
pressure is high, valves are unnecessary, 
unlike the low-pressure venous system. 
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together, like small back-roads connecting 
motorways to dual carriageways. 

Arteries and veins are constructed differently 
to cope with the varying pressures, but work 
in tandem to ensure that the blood reaches its 
final destination. However, sometimes things 
go wrong, lead to certain medical problems: 
varicose veins from failing valves; deep vein 
thrombosis from blood clots blocking the deep 
venous system; heart attacks from blocked 
arteries; and lastly life-threatening aneurysms 
from weak artery walls. 
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Connecting it 
all together 


Capillaries are the tiny vessels which connect 
small arteries and veins together. Their walls 
are only one cell thick, so this is the perfect 
place to trade substances with surrounding 
tissues. Red blood cells within these 
capillaries trade water, oxygen, carbon 
dioxide, nutrients, waste and even heat. 
Because these vessels are only one cell wide, 
the cells have to line up to pass through. 





DID YOU KNOW? Vascular surgeons can bypass blocked arteries using either the patient's own veins or synthetic grafts 















A game of two halves 





Arteries In human beings, the heartisa double body tissues (the systemic circulation). 
pilericne- coiisse ata " HEAD AND pump, meaning that there are two sides The right side of the heart pumps 





from the heart. They carry ARMS to the circulatory system. The left side of deoxygenated blood towards the lungs, so 
a the heart pumps oxygenand nutrient-rich itcan pickup new oxygen molecules to be 
blood to the brain, vital organs and other used again (the pulmonary circulation). 


oxygenated blood, except 
for the pulmonary artery, 
which carries deoxygenated 
blood to the lungs. 


hort “Plasma carries 
The aorta is an artery which carries Gg | | O i h P d if Cre) t 


oxygenated blood to the body; it is " 
the largest blood vessel in the | | 
body and copes with the highest Up CES O Ce 5 


pressure blood. 


Lungs 
In the lungs, carbon dioxide 
is expelled from the body 
and is swapped for fresh 
oxygen from the air. This 
oxygen-rich blood takes on 
a bright red colour. 





What’s In 
jo} (overs Keg 


It’s actually only the iron in red blood 
cells which make blood red -ifyou 
take these cells away then what you 
will be left with is a watery yellowish 
solution that is called plasma. Plasma 
carries all of the various different types 
of cells and also contains sugars, fats, 
proteins and salts. The main types of 
cell are red blood cells (which are 
formed from iron and haemoglobin, 
which carries oxygen around the 
body), white blood cells (which fight 
infection from bacteria, viruses and 
fungi) and finally platelets (which are 
The left side actually tiny cell fragments which stop 


The left side of the heart bleeding by forming clots at the sites of 
pumps oxygenated blood any damage). 
for the body to use. It 
pumps directly into 
arteries towards the brain 


Veins 

All veins carry blood 
to the heart. They 
carry deoxygenated 
blood, except for 
the pulmonary vein, 










. : and other body tissues. 
which carries 
oxygenated blood Bi ; 
Different shapes and sizes 
Capillary sphincter muscles Capillary bed 
: These tiny muscles can open and close, This is the capillary network that 
Ls right which can decrease or increase blood flow connects the two systems. Here, 
= i are through a capillary bed. When muscles exchange of various substances 
exercise, these muscles relax and blood occurs with surrounding tissues, 
heart pumps flow into the muscle increases. through the one-cell thick walls. 
deoxygenated 
blood to the lungs, 
where blood 
exchanges carbon 
dioxide for Vv; 
fresh oxygen. enule 
Capillaries 


Tiny capillaries connect 
arteries and veins 
together. They allow 
exchange of oxygen, 
nutrients and waste in the 
body’s organs and tissues. 


Arteriole 


Vein Artery 
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that feeds, heals and fights for your life 


































White blood cells _ ss 


White blood cells, or leukocytes, are 
the immune system’s best weapon, 
yer] celal ae Ree imr-laleme(osiuce) yale] 
bacteria and producing antibodies 
against viruses. There are five 
different types of white blood cells, 
all with distinct functions. 


Platelet 


When activated, these sticky cell 
fragments are essential to the 
clotting process. Platelets adhere to a 
wound opening to stem the flow of 
blood, then they team with a protein 
called fibrinogen to weave tiny 

1a) gye(@ SMa ato] Mag] OM 0) (elele Kex=)| cn 





Red blood cell 


Known as erythrocytes, red blood 
cells are the body’s delivery service, 
shuttling oxygen from the lungs to 
TW tate Kors) lism da)cele le] alee imtar=i ofele)\a-) are! 
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Blood vessel wall Granulocyte : 

Arteries and veins are composed of three The most numerous type of white / —— 
tissue layers, a combination of elastic fe) foYoye Kor) Me] e-lal¥](evesYae=s<p ey-lace)muats a 
tissue, connective tissue and smooth bloodstream-déStroying Tavelellare) 

muscle fibres that contract under signals bacteria by engulfing and digesting 

from the sympathetic nervous system. them, often dying in the process. 
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Monocyte 
The largest type of white blood cell, monocytes are born in bone 
marrow, then circulate through the blood stream before maturing 
into macrophages, predatory immune system cells that live in 
organ tissue and bone. 


lood is the river of life. It feeds 
oxygen and essential 
nutrients to living cells and 
carries away waste. It transports the 
foot soldiers of the immune system, 
white blood cells, which seek out 
and destroy invading bacteria and 
parasites. And it then speeds 
platelets to the site of injury or tissue 
damage, triggering the body’s 
miraculous process of self-repair. 
Blood looks like a thick, 
homogenous fluid, but it’s actually 
more like a watery current of plasma 






—astraw-coloured, protein-rich fluid 
- carrying billions of microscopic 
solids consisting of red blood cells, 
white blood cells and cell fragments 
that are called platelets. The 
distribution is far from equal. Over 
half of our blood is actually just 
plasma, 45 per cent is red blood cells 
anda tiny fragment, less than one per 
cent, is composed of white blood cells 
and platelets. 

Red blood cells are so numerous 
because they perform the most 
essential function of blood, which is to 
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deliver oxygen to every cellin the 
body and carry away carbon dioxide. 
As an adult, all of your red blood cells 
are produced in red bone marrow, the 
spongy tissue in the bulbous ends of 
long bones and at the centre of flat 
bones like hips and ribs. In the 
marrow, red blood cells start out as 
undifferentiated stem cells called 
hemocytoblasts. Ifthe body detects a 
drop in oxygen carrying capacity, a 
hormone is released from the kidneys 
that triggers the stem cells to become 
red blood cells. Because red blood 






Components 
of blood 


Blood is a mix of solids and liquids, a blend of highly specialised 
cells and particles suspended ina protein-rich fluid called 
plasma. Red blood cells dominate the mix, carrying oxygen to 
living tissue and returning carbon dioxide to the lungs. For 
every 600 red blood cells, there is a single white blood cell, of 
which there are five different kinds. Cell fragments called 
platelets use their irregular surface to cling to vessel walls and 
initiate the clotting process. 
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Bone marrow contributes 
_ four per cent ofaperson’s 
) fie | total weight 


cells only live 120 days, the supply is 
continuously replenished; roughly 2 
million red blood cells every second. 
Amature red blood cell has no 
nucleus, it is spit out during the final 
stages of the two-day development 
before taking on the shape ofa 
concave, doughnut-like disc. Red 
blood cells are mostly water, but 97 per 
cent of their solid matter is 
haemoglobin, a complex protein that 
carries four atoms of iron. Those iron 
atoms have the ability to form loose, 
reversible bonds with both 
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Kio) THE BODY AT WORK 


1. Born in the bones 
When the body detects a low oxygen 
carrying capacity, hormones released from 
the kidney trigger the production of new 
red blood cells inside red bone marrow. 


6. Reuse and recycle 
As for the globin and other cellular 
membranes, everything is 
converted back into basic amino 
acids, some of which will be used 
to create more red blood cells. 


Waste product 
of blood cell 






2. One life to live 
Mature red blood cells, 
also known as 
erythrocytes, are 
stripped of their nucleus 
in the final stages of 
development, meaning 
they can’t divide 

to replicate. 





















%»° Life cycle 


of red 
blood cells 


Every second, roughly 2 million red blood cells decay and 
die. The body is keenly sensitive to blood hypoxia - reduced 
oxygen carrying capacity - and triggers the kidney to release 
ahormone called erythropoietin. The hormone stimulates 
the production of more red blood cells in bone marrow. Red 
blood cells enter the bloodstream and circulate for 120 days 
before they begin to degenerate and are swallowed up by 
roving macrophages in the liver, spleen and lymph nodes. 






Waste 
excreted 
from body 





5. lron ions 
In the belly of Kupffer cells, 
haemoglobin molecules are split into 
heme and globin. Heme is broken 
down further into bile and iron ions, 
some of which are carried back and 
stored in bone marrow. 


4. Ingestion 
Specialised white blood cells in the liver and 
spleen called Kupffer cells prey on dying red blood 
cells, ingesting them whole and breaking them 
down into reusable components. 


oxygen and carbon dioxide - think of them as weak 
magnets - making red blood cells such an effective 
transport system for all of the respiratory gasses. 
Haemoglobin, which turns bright red when 
oxygenated, is what gives blood its characteristic 
crimson colour. 

To provide oxygen to every living cell, red blood 
cells must be pumped through the body’s circulatory 
system. The right side of the heart pumps CO,-heavy 
blood into the lungs, where it releases its waste 
gasses and picks up oxygen. The left side of the heart 
then automatically pumps all of the freshly 
oxygenated blood out into the body througha 
system ofvarious arteries and capillaries, some are 
even as narrow asa single cell. As the red blood cells 
release their oxygen, they pick up carbon dioxide 
molecules, then they course through the veins back 
toward the heart, where they are pumped back into 
the lungs to ‘exhale’ the excess CO, and collect some 
more precious O.. 
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The macrophages extract iron from the 

haemoglobin in the red blood cells and 
release it back into the bloodstream, where 
it binds toa protein thatcarriesitbackto , | | 
the bone marrow, ready to be recycled : 
in fresh red blood cells. pee 





White blood cells are actually greatly 
outnumbered by red blood cells, but they are critical 
to the function of the immune system. Most white 
blood cells are also produced in red bone marrow, 
but white blood cells - unlike red blood cells - come 
in five different varieties, each with its own 
specialised immune function. The first three 
varieties of blood cells, are called granulocytes, 
engulfand digest bacteria and parasites, and playa 
role in allergic reactions. Lymphocytes, another type 
of white blood cell, produce anti-bodies that build up 
our immunity to repeat intruders. And monocytes, 
the largest of the white blood cells, enter organ tissue 
and become macrophages, microbes that ingest bad 
bacteria and then help break down dead red blood 
cells into reusable parts. 

Platelets aren’t cells at all, they are actually tiny 
fragments from much larger stem cells found in bone 
marrow. In their resting state, they look like smooth 
oval plates, but when activated to form a clot they 









3. In circulation 
Red blood cells pass from 
the bone marrow into the 
bloodstream, where they 

circulate for around 120 days. 


take on an irregular form with many protruding 
arms called pseudopods. This shape is what helps 
them to be able to stick not only to the blood vessel 
walls but also to each other, forming a physical 
barrier around wound sites. With the help of 
proteins and clotting factors that are found inside 
plasma, platelets weave a mesh of fibrin that stems 
blood loss and triggers the formation of new collagen 
and skin cells. 

But even these three functions of blood - oxygen 
supplier, immune system defender and wound healer 
— only begin to scratch the surface of the critical role of 
blood in each and every bodily process. When blood 
circulates through the small intestine, it absorbs 
sugars from digested food, which are transported to 
the liver to be stored as energy. When blood passes 
through the kidneys, it is scrubbed of excess urea and 
salts, waste that will leave the body as urine. The 
proteins transport vitamins, hormones, enzymes, 
sugar andelectrolytes. 





| Haemophilia 


This rare genetic blood disorder severely inhibits the 
clotting mechanism of blood, causing excessive 


bleeding, internal bruising and joint problems. Platelets 


are essential to the clotting and healing process, 
producing threads of fibrin with help from proteins in 
the bloodstream called clotting factors. People who 


suffer from haemophilia -almost exclusively males - are 
missing one of those clotting factors, making it difficult to 


seal off blood vessels after even minor injuries. 


Sickle cell anaemia 


Anaemia is the name for any blood disorder that results 
ina dangerously low red blood cell count. In sickle cell 
anaemia, which afflicts one out of every 625 children of 
African descent, red blood cells elongate into a sickle 
shape after releasing their oxygen. The sickle-shaped 


cells die prematurely, leading to anaemia, or sometimes 


lodge in blood vessels, causing terrible pain and even 


organ damage. Interestingly, people who carry only one 


gene for sickle cellanaemia are immune to malaria. 


Think of blood as the body’s 
emergency response team to an 


injury. Plateletsemitsignalsthat —-s_ gy 


encourage blood vessels to 
contract, stemming blood loss. 
The platelets then collect around 
the wound, reacting witha 
protein in plasma to form fibrin, 


atissuethatweavesintoamesh.  . ® = Pa rae 
Blood flow returns and white ee ee 





blood cells begin their hunt for 
bacteria. Fibroblasts createbeds INJURY 


of fresh collagen and capillaries | Whentheskinsurfaceiscut, torn 


tofuelskincellgrowth.Thescab scraped deeply enough, blood 
seeps from broken blood vessels to 


begins to contract, pulling the 






Blood and healing 


; ; fill the wound. To stem the flow of 
growing skin cells closer together bleeding, the blood vessels around 
until damaged tissueis replaced. thewound constrict. 
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HAEMOSTASIS 
Activated platelets aggregate 


around the surface of the wound, 


stimulating vasoconstriction. 
Platelets react with a protein in 
plasma to form fibrin, a web-like 
mesh of stringy tissue. 


fibrin 


| 


© disorders, emochromatosis is the medical 
, term for“iron overload,” in which your body 


te) serious liver damage or ey 
@@) irregular heartbeat, ge 


- 


s vitaminC. 
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Deep vein thrombosis 


Thrombosis is the medical term for any blood clot that is 
| large enough to blocka blood vessel. When a blood clot 
= formsinthe large, deep veins of the upper thigh, it’s 
called deep vein thrombosis. If sucha clot breaks free, it 
- cancirculate through the bloodstream, pass through 
the heart and become lodged in arteries in the lung, 
causing a pulmonary embolism. Sucha blockage can 
severely damage portions of the lungs, and multiple 
embolisms can even be fatal. 


Thalassemia 


Another rare blood disorder affecting 100,000 
newborns worldwide each year, thalassemia | 
inhibits the production ofhaemoglobin, leading ia” 
tosevereanaemia.Peoplewhoarebornwiththe [Jay 
most serious form of the disease, also called 
Cooley’s anaemia, suffer from enlarged hearts, 
livers and spleens, and brittle bones. The most 
effective treatment is frequent blood 
transfusions, although a few lucky patients have 
been cured through bone marrow transplants 
from perfectly matching donors. 














Rernatitenaindie 


One of the most common genetic blood 


absorbs and stores too much iron from food. 
Severity varies wildly, and many people ot ee 
experience fewsymptoms, but others suffer ances 







diabetes and even _ =i! 
heart failure. Gare 
Symptomscan yee 
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More than a one-trick pony, your blood 
is a vital cog in the healing process 





INFLAMMATORY STAGE PROLIFERATIVE STAGE 


Once the wound is capped witha Fibroblasts lay fresh layers of 
drying clot, blood vessels open up collagen inside the wound and 
again, releasing plasma and white capillaries begin to supply blood 
blood cells into the damaged for the forming of newskin cells. 
tissue. Macrophages digest Fibrin strands and collagen pull 
harmful bacteria and dead cells. the sides of the wound together. 
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Inside 
a blood 
vessel 


Discover what happens 
every time your heart beats 


nside your body there is a vast network of blood 

vessels that, if laid end to end, could easily wrap 

twice around the Earth. They are an important 
part of your circulatory system, carrying the 
equivalent of more than 14,000 litres of blood around 
your body every day to transport vital nutrients to 
where they are needed. 

There are five main types of blood vessel. In 
general, arteries carry oxygenated blood away from 
the heart and have special elastic fibres in their 
walls to help squeeze it along when the heart muscle § 
relaxes. The arteries then branch off into arterioles, 
which pass the blood into the capillaries, tiny blood 
vessels that transport nutrients fromthe bloodinto ® 
the body’s tissues via their very thin walls. 

As wellas nourishing the tissue cells, capillaries 
also remove their waste products, passing the now 
deoxygenated blood on to the venules. These vessels 
drain the blood into the veins, which, with the help 
of valves that stop the blood flowing in the reverse 
direction, carry it back to the heart where it can pick 
up more oxygen. 

In contrast to the other blood vessels in the 
body, the pulmonary artery takes deoxygenated 
blood from the heart to the lungs, where it is 
oxygenated and carried back to the heart via the 
pulmonary veins. 











Breathing into a 
paper bag can be a 
dangerous way to 
treat hyperventilation 





DID YOU KNOW? Tooth enamel is the hardest substance in the human body 
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Sensitive teeth = 


for those with 


Why can eating cold foods be painful, sensitive teeth 
and what can toothpaste do to help? 


f you've ever sipped on an ice-cold drink and Luckily, the problem can often be treated by 

felta sharp pain in your teeth, then you've simply changing your toothpaste. Special 

probably suffered from tooth sensitivity. It’s a desensitising toothpastes contain ingredients 
(efoyenhenteyamereyeleniuceyamer-lerscromurselcyomaelcecceyambeli-yg (0) amma at-lme) tele cqual-neer-bebelclicmiisiaebnemmetcnelvelanemtchy(2)@ 


layer of your teeth, known as dentin, becomes stopping anything from getting inside. However, 
exposed, allowing hot or cold substances to ifthe problem persists, then it’s best to see your 
reach the nerves inside. dentist for alternative treatment. 


Getting to 
the nerves 


How do teeth 
become sensitive? 








Dentin 

This soft substance 
inside your teeth 
contains thousands 
of microscopic 
fluid-filled channels. 


Gum tissue 

The connective tissue in 
which your teeth grow 
can pull away from them, 
uncovering the dentin 
layer beneath. 


Tubules Pulp tissue 

Heat or cold travels down the Nerves inside the pulp tissue 
dentin channels towards the pulp become stimulated by the external 
tissue at the centre of the tooth. factors, causing feelings of pain. 
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What causes human skin to turn yellow? 





aundice, also known as icterus, isa term slower to remove bilirubin from the blood than 
used to describe the yellowing ofthe skin normal, but the symptoms usually disappear 
and the whites of the eyes. It is caused bya after a few weeks with no need for treatment. 
build-up ofa substance called bilirubin in the However, ifthe jaundice becomes more 
blood, which is the yellow-coloured waste severe, it can be treated using phototherapy, 
je) coxenb (erm o)aelenbcecremnyel-yeKe)(omacreme) (eleonacy its which involves using blue coloured light to 


break down. Normally, bilirubinis filtered outof break down the bilirubin in the blood. 
your bloodstream by your liver and then Alternatively, the infant could receivea 


excreted, but people with conditions affecting blood transfusion, giving them = 
their liver can be left with an excess of the more red blood cells to = 
substance, which can leak outintosurrounding — counteract the bilirubin. 
lofete\vaatsisie (oe 

AiVdabOlc¥-VeubUlace-bateKe)lel-yaoleblleba-yeKerbalex-t1 Phototherapy can help 
; Oe: : : break down the excess | 
jaundice, it is most common in newborn babies. PN ianculiore p 


As aninfant’s liver is still developing, itcan be baby’s blood 
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Enamel 

The hard, white shell that 
covers the top of your 
teeth can wear away, 
exposing the dentin layer. 
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Treatment for jaundice in adults 
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involves treating the underlying 
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riormones 


How the human endocrine system develops and 


controls the human body 


he glands in the endocrine system use 

chemicals called hormones to 

communicate with and control the cells 
and organs in our bodies. They are ductless 
glands that secrete different types of hormones 
directly into the bloodstream which then 
target specific organs. 

The target organs contain hormone 
receptors that respond to the chemical 
instructions supplied by the hormone. There 
are 50 different types of hormone in the 
body and they all consist of three basic 
types: peptides, amines and steroids. 

Steroids include the testosterone 
hormone. This is not only secreted by the 
cortex of the adrenal gland, but also from 
the male and female reproductive organs 
and by the placenta in pregnant women. The 


Adrenal gland 


We have two adrenal glands that are positioned on top of both 
kidneys. The triangular-shaped glands each consist of a two- 
centimetre thick outer cortex that produces steroid hormones, 
which include testosterone, cortisol and aldosterone. 

The ellipsoid shaped, inner part of the gland is knownas the 


majority of hormones are called peptides 
that consist of short chains of amino acids. 
They are secreted by the pituitary and 
parathyroid glands. Amine hormones are 
secreted by the thyroid and adrenal medulla 
and are related to initiating the fight or 
flight response. 

The changes that are caused by the 
endocrine system act more slowly than the 
nervous system as they regulate growth, 
moods, metabolism, reproductive processes 
and a relatively constant stable internal 
environment for the body (homeostasis). 
The pituitary, thyroid and adrenal glands 
then all combine to form the major elements 
of the body’s endocrine system along with 
various other elements such as the male 
testes, the female ovaries and the pancreas. 


The 


system 


medulla, which produces noradrenaline and adrenaline. These 
hormones increase the heart rate, and the body’s levels of oxygen 


and glucose while reducing non-essential body functions. 

The adrenal gland is known as the ‘fight or flight’ gland as it 
controls how we respond to stressful situations, and prepares the 
body for the demands of either fighting or running away as fast as 
you can. Prolonged stress over-loads this gland and causes illness. 


Cortex 
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Medulla 


Thymus 

Is part of the immune 
system. It produces 
thymosins that control 
the behaviour of white 
blood T-cells. 


Adrenal glands 
Controls the burning of 
protein and fat, and 
regulates blood pressure. 
The medulla secretes 
adrenaline to stimulate the 


Kidney fight or flight response. 


Male testes 


These two glands produce 


testosterone that is 
responsible for sperm 
production, muscle and 


bone mass and sex drive. 


endocrine 


Hypothalamus 
Releases hormones to 
the pituitary gland to 
promote its production 
and secretion of 
hormones to the rest of 
the body. 


Pituitary gland 
Releases hormones to 
the male and female 
reproductive organs 
and to the adrenal 
glands. Stimulates 
growth in childhood and 
maintains adult bone 
and muscle mass. 


Pineal gland 
Secretes melatonin, which 
controls sleep patterns and 
controls the production of 
hormones related to the 
reproductive organs. 
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DID YOU KNOW? When you are excited the hypothalamus and pituitary gland release opiate-like endorphins 





Hypothalamus 


Hypothalamus 


neurons 
These synthesise and 
send hormones to the 















Pituitary gland 


The pea-sized pituitary glandisamajor the production of sperm cells. The 





posterior lobe. endocrine gland that works under the posterior lobe stores vasopressin and 
; control of the hypothalamus. The two oxytocin that is supplied by the 

Portal veins organs inside an individuals brain work hypothalamus. Vasopressin allows the 

THe Ae ars in concert and mediate feedback loops retention of water in the kidneys and 

Speen a in the endocrine system to maintain suppresses the need to excrete urine. It 

carried to the a ete : 

ene oe control and stability within the body. also raises blood pressure by 

through these veins. The pituitary gland features an contracting the blood vessels in the 
anterior (front) lobe and a posterior heart and lungs. 
(rear) lobe. The anterior lobe secretes Oxytocin influences the dilation of 

Anterior lobe growth hormones that stimulate the the cervix before giving birth andthe 
development of the muscles and bones; contraction of the uterus after birth. The 
it also stimulates the development of lactation ofthe mammary glands are 


ovarian follicles in the female ovary. In stimulated by oxytocin when mothers 
males, itis this that actually stimulates begin to breastfeed. 


Posterior lobe 


[ = & aa J 
Ih id a D thyroid 
Parathyroid y y 
Works in combination 
papapeabdalisic: oN Thyroid cartilage The two lobes of the thyroid sit on each side of the 
control levels of calcium. (Adam’s apple) 


windpipe and are linked together by the isthmus that 

} runs in front of the windpipe. It stimulates the amount 
of body oxygen and energy consumption, thereby 
keeping the metabolic rate of the body at the current 
levels to keep you healthy and active. 

The hypothalamus and the anterior pituitary gland 
are in overall control of the thyroid and they respond to 
changes in the body by either suppressing or increasing 
thyroid stimulating hormones. Overactive thyroids 
cause excessive sweating, weight loss and sensitivity to 
heat, whereas underactive thyroids cause sensitivity to 
hot and cold, baldness and weight gain. The thyroid can 
swell during puberty and pregnancy or due to viral 
infections or lack of iodine in a person’s diet. 

! The four small parathyroids regulate the calcium 
Isthmus ~~~ _ ae ~ wie levels in the body; it releases hormones when calcium 

; | Y levels are low. Ifthe level of calcium is too high the 
thyroid releases calcitonin to reduce it. Therefore, the 
thyroid and parathyroids work in tandem. 












Thyroid 
Important for maintaining 
the metabolism of the 
body. It releases T3 and 
T4 hormones to control 
the breakdown of food 
and store it, or release it lobe 
as energy. 








Parathyroids 


Pancreas 
Maintains healthy 
blood sugar levels in 
the blood stream. 


eal p 
Pa ncreatic cells octane Soe eae These Mailer 


The pancreas is positioned in the abdominal 
cavity above the small intestine. Consisting of 
two types of cell, the exocrine cells do not 
secrete their output into the bloodstream but 
the endocrine cells do. 

The endocrine cells are contained in clusters 
called the islets of Langerhans. They number 
approximately1 million cells and are only one 

; or two per cent of the total number of cells in 

Female ovaries the pancreas. There are four types of endocrine 
Are stimulated by cells in the pancreas. The beta cells secrete 
hormones from the ; ; 
situitary Sanden insulin and the alpha cells secrete glucagon, 
eee both of which stimulate the production of 
menstrual cycle. blood sugar (glucose) in the body. Ifthe Beta 

cells die or are destroyed it causes type1 

diabetes, which is fatal unless treated with 

insulin injections. 


Duct cells 
Secrete bicarbonate 
to the intestine. 
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senso ry system 


The complex senses 50k the 1U 


he sensory system is what enables us to 

experience the world. It can also warn us of 

danger, trigger memories and protect us 
from damaging stimuli, such as hot surfaces. The 
sensory system is highly developed, with many 
components detecting both physical and 
emotional properties of the environment. For 
example, it can interpret chemical molecules in 
the air into smells, moving molecules of sound 
into noises and pressure placed on theskin into 
touch. Indeed, some of our senses are so finely 
tuned that they allow reactions within 
milliseconds of detecting a new sensation. 

The five classic senses are sight, hearing, smell, 
taste and touch. We need senses not only to 
interpret the world around us, but also to function 
within it. Our senses enable us to modify our 
movements and thoughts, and sometimes they 
directly feed signals into muscles. The sensory 
nervous system that lies behind this is made up of 
receptors, nerves and dedicated parts of the brain. 
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There are thousands of different stimuli that can 
trigger our senses, including light, heat, chemicals 
in food and pressure. These ‘stimulus modalities’ 
are then detected by specialised receptors, which 
convert them into sensations such as hot and cold, 
tastes, images and touch. The incredible receptors 
— like the eyes, ears, nose, tongue and skin - have 
adapted over time to work seamlessly together 
and without having to be actively ‘switched on’. 

However, sometimes the sensory system can go 
wrong. There are hundreds of diseases of the 
senses, which can have both minor effects, ora 
life-changing impact. For example, a blocked ear 
can affect your balance, or a cold your ability to 
smell - but these things don’t last for long. 

In contrast, say, after a car accident severing the 
spinal cord, the damage can be permanent. There 
are some very specific problems that the sensory 
system can bring as well. After an amputation, the 
brain can still detect signals from the nerves that 
used to connect to the lost limb. These sensations 





can cause excruciating pain; this particular 
condition is known as phantom limb syndrome. 

However the sensory system is able to adapt to 
change, with the loss of one often leading to others 
being heightened. Our senses normally function to 
gently inhibit each other in order to moderate 
individual sensations. The loss of sight from 
blindness is thought to lead to strengthening of 
signals from the ears, nose and tongue. Having 
said this, it’s certainly not universal among the 
blind, being more common in people who have 
been blind since a young age or from birth. 
Similarly, some people who listen to music like to 
close their eyes, as they claim the loss of visual 
input can enhance the audio experience. 

Although the human sensory system is well 
developed, many animals out-perform us. For 
example, dogs can hear much higher-pitched 
sounds, whilesharks have a far better sense of 
smell - in fact, they can sniff out a single drop of 
blood in a million drops of water! 


DID YOU KNOW? Taste and smell are closely linked. To test this, pinch your nose as you eat something and it will taste bland 













Body’s messengers 


The sensory system is formed from 
neurons. These are specialised nerve cells 
which transmit signals from one end to 
the other - for example, from your skin to 
your brain. They are excitable, meaning 
that when stimulated to a certain 
electrical/chemical threshold they will 
fire a signal. There are many different 
types, and they can interconnect to affect 
each other’s signals. 





Motor neuron 
These fire impulses 
from the brain to the body’s 
muscles, causing contraction 
and thus movement. They 
have lots of extensions (ie 
they are multipolar) to 
spread the message rapidly. 






These neurons have a 
triangular cell body, and 
were thus named after 
pyramids. They help 

to connect motor 
neurons together. 


ss. —- Pyramidal neuron 


Unipolar neuron 
These sensory neurons 
transduce a physical 
stimulus (for example, when 
you are touched) into an 
electrical impulse. 








How dowesmell — 


Find out how our nose oe 


Pl 
Pee 


_ 


and brain work together — 
to distinguish scents 


Olfactory bulb 


Containing many types of 
cell, olfactory neurons 
branch out of here through 
the cribriform plate below. 


i 


Olfactory neuron 
These neurons are highly 
adapted to detect a wide 
range of different odours. 


Olfactory 


epithelium 

Lining the nasal cavity, 
this layer contains the 
long extensions of the 
olfactory neurons and is 
where chemical 
molecules in air trigger 
an electric impulse. 


Retinal neuron 

These retinal bipolar cells are found in 
the eye, transmitting light signals from 
the rods and cones (where light is 
detected) to the ganglion cells, which 
send impulses into the brain. 


Olfactory neuron 

The many fine dendritic arms 
of the olfactory cell line the 
inner surface of the nasal 
cavity and detect thousands of 
different smells, or odorants. 


Purkinje cell 

These are the largest neurons 
in the brain and their many 
dendritic arms form multiple 
connections. They can both 
excite and inhibit movement. 







| 22hessk A bony layer of the skull 


















Anaxonic neuron 
Found within the retina of 
the eye, these cells lack an 
axon (nerve fibre) and 
allow rapid modification of 
light signals to and from 
bipolar cells. 





Olfactory nerve 
New signals are rapidly 
transmitted via the 
olfactory nerve to the brain, 
which collates the data 
with sight and taste. 














Total recall 

Have you ever smelt something that 
transported you back in time? This is 
knownas the Madeleine effect because the 
writer Marcel Proust once described how 
the scent ofa madeleine cake suddenly 
evoked strong memories and emotions 
from his childhood. 

The opposite type of recallis voluntary 
memory, where you actively try and 
remember a certain event. Involuntary 
memories are intertwined with emotion 
and soare often the more intense of the two. 
Younger children under the age of ten have 
stronger involuntary memory capabilities 
than older people, which is why these 
memories thrustyou back to childhood. 
Older children use voluntary memory more 
often, eg when revising for exams. 


Cribriform plate 


with many tiny holes, 
which allow the fibres of 
the olfactory nerves to 
pass from nose to brain. 
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Kai THE BODY AT WORK 


A quick, sharp painisa 
common trigger fora 
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Understanding 
lightning reflexes 


Have you ever felt something scorching hot or 
freezing cold, and pulled your hand away without 
even thinking about it? This reaction is a reflex. 
Your reflexes are the most vital and fastest of all 
your senses. They are carried out by the many 
‘reflex arcs’ located throughout the body. 

For example, a temperature-detecting nerve in 
your finger connects to a motor nerve in your 
spine, which travels straight to your biceps, 
creating a circular arc of nerves. By only having 
two nerves in the circuit, the speed of the reflex 
is as fast as possible. A third nerve transmits the 
sensation to the brain, so you know what’s 
happened, but this nerve doesn’t interfere with 
the arc; it’s for your information only. There are 
other reflex arcs located within your joints, so 
that, say, if your knee gives way or you suddenly 
lose balance, you can compensate quickly. 

Eye movements 
The trochlear, abducent 
and oculomotor nerves 
control the eye muscles 
and so the direction in 
which we look. 


1. Touch receptor 
When a touch receptor is 
activated, information about the 
stimulus is sent to the spinal cord. 
Reflex actions, which don’t 
involve the brain, produce rapid 
reactions to dangerous stimuli. 
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2. Signal sent 3. Motor neurons 
to spine == feed back 

When sensory nerve The signals trigger motor 
endings fire, neurons that initiate their 


own impulses that feed back 
to the muscle, telling it to 
move the body part. 


information passes 
through nerve fibres 
to the spinal cord. 
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Key nerves 


These transmit vital sensory 
information to our brain while 
also sending motor function 
signals all around the body 








Olfactory nerve 
Starting in the nose, this nerve 
converts chemical molecules 
into electrical signals that are 
interpreted as distinct odours 
via chemoreceptors. 









Optic nerve 

The optic nerves convert light signals 
into electrical impulses, which are 
interpreted in the occipital lobe at the 
back of the brain. The resulting image 
is seen upside down and back to front, 
but the brain reorients the image. 





























Trigeminal nerve 

This nerve is an example of a 
mechanoreceptor, as it fires when 
your face is touched. It is split into 
three parts, covering the top, middle 
and bottom thirds of your face. 






Facial and 
trigeminal motors 
The motor parts of these 
nerves control the muscles of 
facial expression (for 
example, when you smile), 
and the muscles of the 

jaw to help you chew. 











DID YOU KNOW? The three smallest bones in the human body - the hammer, anvil and stirrup - are located in the middle ear 





Intermediate nerve C ra 
This is a small part of the larger rosse sense 
facial nerve. It provides the key 


sensation to the forward part of 
the tongue to help during eating. 


Synaesthesia is a fascinating, if yet completely 
Ul ale (=) go) nolole Mmexe)ale/iu(e)a mm |amcve)aa(=m el=ie) 0) (=a auene) s 
more of the five senses become completely 
; linked so when a single sensation is triggered, all 
Vestibulocochlear the linked sensations are activated too. For 
nerve example, the letter ‘A’ might always appear red, 
This nerve provides or seeing the number ‘1’ might trigger the taste 
sensation to the inner part of apples. Sights take on smells, a conversation 
of the ear. can take on tastes and music can feel textured. 
People with synaesthesia certainly don’t 
(oxo) ahs} (e(=) al | Mako ml ol ¥- Mel [c{0) @e(=) ake) a= e| [s{=t-)s1- em [a fe [e1 
many do not think what they sense is unusual, 
e]avemaarsyyaexole| (ela mlaat-lellarcmiiiaremuuianreleran loam ie 
often runs in families and may be more common 
uate] aMYcem dali elem iy (elacmialce)aant-ld(elam-loleleimuat= 
(oreyate/iuce)am owe\"éell(-]e)(-micelanmual=MOl @e) are(alualsci te) 
Association (www.uksynaesthesia.com). 
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Glossopharyngeal motor 
The motor part of this nerve controls 
the pharynx, helping us to speak and 

breathe normally. 


Non-synaesthetes But a synaesthete who 
struggle to identify a sees 2s as red and 5s 
ua t-]ale| (ome) mace] aalelale pre as green can quickly 
field of number 5s. pick out the triangle. 





A patient’s sense of 
proprioception is being 
put to the test here 





Vagus nerve 

The vagus nerve is spread all 
around the body. It is a mixed 
sensory and motor nerve, and 
is responsible for controlling all 
of the functions we don’t think 
about - like our heartbeat. 
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Is there really a 
‘sixth sense’: 


Our sense of balance and the position of our 
bodies in space are sensations we rarely think 
about and so are sometimes thought of as a 
‘sixth sense’. There is a whole science behind 
them though, and they are collectively called 
proprioception. There are nerves located 
Vagus motor throughout the musculoskeletal system (for 
This portion of the vagus example, within your muscles, tendons, 
nerve can slow the ligaments and joints) whose job it is to send 
heartbeat and breathing information on balance and posture back to the 
rate, or increase the brain. The brain then interprets this information 
speed of digestion. rapidly and sends instructions back to the 
muscles to allow for fine adjustments in balance. 
Since you don’t have to think about it and you 
can’t switch it off, you don’t know how vital 
these systems are until they’re damaged. Sadly 
z Accessory nerve some medical conditions, including strokes, can 
The hypoglossal nerve Connecting the muscles of the neck affect our sense of proprioception, making it 
This nerve controls the to the brain, this nerve lets us turn difficult to stand, walk, talk and move our limbs. 
movements of the tongue. our heads from side to side. 
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What 
stress 
does to us 
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Left or right brained? 
The truth behind thinking 


Brain freeze 
Why do we feel this cold pain? 


Runny nose / Coma 
What makes your nose run? 


Sore throat / Ears pop / 
Freckles 
Why do your ears pop? 


Memory / Toothpaste / 
Epidurals 
at is a memory? 


Blushing / Nerves / Fainting 
The telltale signs of blushing 


Tinnitus / Brain growth 
Why do our ears ring? 


Keratin / Why does hair 
lighten in the sun? 
How do we combat body odour? 


What powers your cells? 
Inside the mitochondria 


How anaesthesia works 
The drug that stops pain signals 


Decongestants / 
How p asma works 
How does this medication help? 


Enzymes / Love ; 
Love as a chemical reaction 


Correcting heart rhythms / 
Salt / Adam’s apple 
Is salt bad for your heart? 


Rumbling stomachs 
Explaining seasickness 


Blisters / Bruises 
What causes blisters to appear? 


Brain control / Laughing 
Do our brains control us? 


Dandruff / Eye adjustment / 
Distance the eye can see 
Revealing how dandruff forms 


Allergies / Eczema 
Why do some people suffer? 


Squinting / Growing pains 
at are growing pains and why 
do we squint? 


How do alveoli help 
you breathe? 
nside your lungs 


Migraines/Eyedrops | 
Discover how migraines strike 


Paper cuts / Pins and 
needles / Funny bones 
Why do paper cuts hurt so much? 
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What is 


Wye: bbe! 
freeze? 
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Aching muscles / 
Fat hormone 
What causes muscle ache? 


Stress / Cracking knuckles / 
Upper arm and leg 
How stress affects your body 


What causes insomnia? 
Suffering sleepless nights? 


How do we squint? 
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What 
causes 
insomnia? 
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t’s true that the different sides of the brain 

perform different tasks, but do these 

anatomical asymmetries really define our 
personalities? Some psychologists argue that 
creative, artistic individuals have a more 
developed right hemisphere, while analytical, 
logical people rely more heavily on the left side 
of the brain, but so far, the evidence for this 
two-sided split has been lacking. 

In a study published in the journal PLOS 
ONE, a team at the University of Utah attempted 
to answer the question. They divided the brain 
up into 7,000 regions and analysed the [MRI 
scans of over 1,000 people, in order to determine 
whether the networks on one side of the 


Examining the human brain 
What do the different parts of the 


brain actually do? 


Broca’s area 
(speech) 

Broca’s area is responsible 
for the ability to speak and 
is almost always found on 
the left side of the brain. 






Frontal lobe 
(planning, 
problem solving) 
At the front of each 
hemisphere is a frontal 
lobe, the left side is more 
heavily involved in speech 
and verbal reasoning, 
while the right side 
handles attention. 


Auditory cortex 
(hearing) 

The auditory cortex is 
responsible for processing 
information from the ears 
and can be found on both 
sides of the brain, in the 
temporal lobes. 


Temporal lobe 
(hearing, facial 


recognition, memory) 
The temporal lobes are 


involved in language 


processing and visual memory. 
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Left or right brained? 


Actually, you're neither. Discover the truth behind the way we think 


brain were stronger than the networks on 
the other. 

Despite the popularity of the left versus right 
brain myth, the team found no difference in the 
strength of the networks in each hemisphere, 
or in the amount we use either side of our 
brains. Instead, they showed that the brain is 
more like a network of computers. Local nerves 
can communicate more efficiently than distant 
ones, so instead of sending every signal across 
from one hemisphere of the brain to the other, 
neurones that need to be in constant 
communication tend to develop into organised 
local hubs, each responsible for a different set 
of functions. 
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Hubs with related functions cluster 
together, preferentially developing on 
the same side of the brain, and 
allowing the nerves to communicate 
rapidly on a local scale. One example 
is language processing - in most 
people, the regions of the brain 
involved in speech, communication 
and verbal reasoning are all located on 
the left-hand side. 

Some areas of the brain are less 
symmetrical than others, but both 
hemispheres are used relatively equally. There 
is nothing to say you can’t bea brilliant 
scientist and a great artist. 





Parietal lobe (pressure, 


The parietal lobes handle sensory 
information and are involved in 
spatial awareness and navigation. 


Occipital lobe (vision) 
Incoming information from 
the eyes is processed at the 
back of the brain in the 

visual cortex. 


Wernicke’s area 
(speech 
processing) 

The region of the brain 
responsible for speech 
processing is found on 
the left-hand side. 





DID YOU KNOW? It isa myth that we only use ten per cent of our brains; even at rest, almost all brain regions are active 
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It took 82,944 
computer processors 
40 minutes to simulate 
just one second of 
human brain activity, 
it’s that powerful 
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Myth-taken identity 


The left vs right brain personality myth is actually 
based on Nobel Prize-winning science. In the 
1940s, a radical treatment for epilepsy was trialled; 
doctors severed the corpus callosum of a small 
number of patients, effectively splitting their brains 
in two. If a patient was shown an object in their 
right field of view, they had no difficulty naming it, 
but if they were shown the same object from the 
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Rational 
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Problem solving 
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Give your brain a 
fun workout 


Boost your memory 

Look at this list of items for one minute, 
then cover the page and see how many you 
can remember: 


Difficult? Try again, but this time, make upa 
story in your head, linking the objects 
together in a narrative. 


; 
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ra®g, XY the brain’s extremely 
‘ ™, complex neural network 


Pencil 





left, they couldn’t describe it. Soeech and language 
are processed on the left side of the brain, but the 
information from the left eye is processed on the 
right. The patients were unable to say what they 
saw, but they could draw it. Psychologists 
wondered whether the differences between the 
two hemispheres could create two distinctive 
personality types, left-brained and right-brained. 


Right 





...You get the idea. Make it as silly as you like; 
, strange things are much more memorable 
Impulsive 
than the mundane. 

Slow brain ageing 

Learning a new language is one of the 
best ways to keep your brain active. Here are 
four new ways to say hello: 


Emotional 


























Precise 


\\> 


Logical 





Dog lovers 





. ~ePolish: — Czesc! : 
Creative ranean 
_¢Russian: Zdravstvuj z 
(Zdrah-stvooy) : 
¢Arabic: Marhaba 6 

iti (mar-ha-ba) 

sa ¢Swahili: Hujambo 
-(hud-yambo) 
Spiritual 


Cat lovers 
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CURIOUS QUESTIONS 

























A brain freeze is actually a 
painful side-effect of your 
body’s survival instinct 


The Ophthalmic branch 
carries sensory messages 
from the eyeball, tear gland, 
upper nose, upper eyelid, 
forehead, and scalp. 


The Mandibular branch 
carries sensory signals 
from the skin, teeth and 
gums of the lower jaw, as 
well as tongue, chin, lower 
lip and skin of the 
temporal region. 


The trigeminal facial nerve 
is positioned very close to 
the palate. This nerve 
interprets palate blood 
vessel constriction and 
dilation as pain. 
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What Is 





‘brain freeze’? 


That intense pain you sometimes get when you eat 
ice cream too fast is technically called 
sphenopalatine ganglioneuralgia, and it’s related to 


migraine headaches 





he pain ofa brain freeze, also 
know as an ice cream headache, 
comes from your body’s natural 
reaction to cold. When your body senses 
cold, it wants to conserve heat. One ofthe 
steps it takes to accomplish this is 
constricting the blood vessels near your 
skin. With less blood flowing near your 
skin, less heat is carried away from your 
core, keeping you nice and warm. 

The same thing happens when 
something really cold hits the back of 
your mouth. The blood vessels in your 
palate constrict rapidly. When the cold 
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goes away (because you swallowed the 
ice cream or cold beverage), they will 
rapidly dilate back to their standard, 
normal state. 

This is harmless, but a major facial 
nerve called the trigeminal lies close to 
your palate and this nerve interprets the 
constriction/dilation process as pain. 
The location of the trigeminal nerve can 
cause the pain to seem like its coming 
from your forehead. Doctors believe this 
same misinterpretation of blood vessel 
constriction/dilation is the cause of the 
intense pain of a migraine headache. 


“A Major 
facial 
nerve 

called the 
trigeminal 
lies close 
CO YOUr 
palate" 


The Maxillary branch carries 
sensory messages from the 
skin, gums and teeth of the 
upper jaw, cheek, upper lip, 
lower nose and lower eyelid. 


DID YOU KNOW? The first published use of the term ‘brain freeze’ was in May 1991 











Discover what is going on 


inside a blocked nose and why 


it gets runny when we're ill 


tsurprises many people but the main culprit 

responsible for a blocked and runny nose 

is typically not excess mucus but swelling 
and inflammation. 

Ifthe nose becomes infected, or an allergic 
reaction is triggered, the immune system produces 
large quantities of chemical messengers that cause 
the local blood vessels in the lining of the nose to 
dilate. This enables more white blood cells to enter 
the area, helping to combat the infection, but it also 
causes the blood vessels to become leaky, allowing 
fluid to build up in the tissues. 

Decongestant medicine contains a chemical that’s 
similar to adrenaline, which causes the blood 
vessels to constrict, stopping them from leaking. 





What makes your 
nose run? 


Cilia Mucus Goblet cell Epithelial cells 
Tiny hair-like The glycoproteins that The lining of the nose The nose is lined 
structures move the make up mucus dissolve in has many mucus- by epithelial cells, 
mucus towards the water, forminga gel-like producing goblet cells. covered in cilia. 
back of the throat so substance that traps debris. 
that it can then The more water, the runnier 
beswallowed. the mucus. 
. 
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Connective tissue 


Macrophage 








Blood vessels 





Beneath the cells lining Cells of the immune 


the nose isa layer of system produce chemical 

connective tissue that is mediators like histamine, 

richin blood vessels. which cause local blood 
vessels to become leaky. 


Inflammatory chemical signals 
cause blood vessels to dilate, 
allowing water to seep into the 
tissues, diluting the mucus and 
making it runny. 


How Is a person brought 
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out of a coma? 


hen we talk about 
‘bringing someone out 
ofa coma’, weare 


referencing medically induced 
comas. A patient witha 
traumatic brain injury is 
deliberately put into a deep 
state of unconsciousness to 
reduce swelling and allowthe 
brain to rest. When the brain is 
injured, it becomes inflamed. 
The swelling damages the brain 
because it is squashed inside 
the skull. 





Doctors induce the coma 
using a controlled dose of 
drugs. To bring the person out 
of the coma, they simply stop 
the treatment. Bringing the 
patient out of the coma doesn’t 
wake them immediately. They 
gradually regain consciousness 
over days, weeks or longer. 
Some people make a full 
recovery, others need 
rehabilitation or lifetime care 
and others may remain 
unaware of their surroundings. 
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“Rapid oltitu 


changesmake 


the pop 





more noticeable” 


Why does hot honey 





and lemon help your 


throat when it’s sore? 


oney and lemon can be 

drank warm asa comfort 

remedy, and isa popular drink 
with many whoare feeling unwell. 
The idea is that honey coats the throat 
and therefore any inflamed areas will 
be ‘protected’ by a layer of honey, 
while at the same time soothing 
painful areas. This means it will be 
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less painful when these areas come 
into contact with other surfaces when 
you eat or swallow. Lemon also helps 
to settle the stomach too, as it 
contains acid, which can be 
particularly helpful when 
experiencing an upset stomach from 
the effects ofa cold or other digestion- 
related illness. 


Why do 





planes? 


he eardrum isa thin 

membrane that helps to 

transmit sound. Air pressure 
is exerted on both sides of the 
eardrum; with the surrounding 
atmospheric pressure pushing it 
inwards while air being delivered 
viaa tube between the back of your 
nose and the eardrum pushes it 
outwards. This tube is called the 
Eustachian tube, and when you 
swallow ot opens and asmall 
bubble of airis able to move causing 


a‘pop’. 


our 


ears ‘pop’ on 


Rapid altitude changes in planes 
make the ‘pop’ much more 
noticeable due to bigger differences 
in pressure. Air pressure decreases 
as a plane ascends; hence air must 
exit the Eustachian tubes to 
equalise these pressures, again 
causing a ‘pop’. Conversely, asa 
plane descends, the air pressure 
starts to increase; therefore the 
Eustachian tubes must open to 
allow through more air in order to 
equalise the pressure again, 
causing another ‘pop’. 


What are freckles? 


reckles are clusters of the pigment melanin. It is produced by 

melanocytes deep in the skin, with greater concentrations 

giving rise to darker skin tones, and hence, ethnicity. Melanin 
protects the skin against harmful ultraviolet sunlight, but is also 
found in other locations around the body. Freckles are mostly 
genetically inherited, but not always. They become more 
prominent during sunlight exposure, as the melanocytes are 
triggered to increase production of melanin, leading to a darker 
complexion. People with freckles generally have pale skin tones, 
and if they stay in the Sun for too long they can damage their skin 
cells, leading to skin cancers like melanoma. 
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What Is a 
memory? 


emory is the brain’s ability to 

recall information from the 

past and it generally falls into 
three categories - sensory, short-term 
and long-term. 

Look at this page then close your 
eyes and try to remember what it 
looks like. Your ability to recall what 
this page looks like isan example of 
your sensory memory. Depending on 
whether or not this page is important 
to you will be the determining factor 
in how likely it is that it will get passed 
on to your short-term memory. 

Can you remember the last thing 
you did before reading this? That is 
your short-term memory and isa bit 
like a temporary storage facility where 
the less-important stuff can decay, 
whereas the more important stuff can 
end up in the long-term memory. 

Our senses are constantly being 
bombarded with information. 
Electrical and chemical signals travel 
from our eyes, ears, nose, touch and 
taste receptors and the brain then 
makes sense of these signals. When 
we remember something, our brain 
refires the same neural pathways 
along which the original information 
travelled. You are almost reliving the 
experience by remembering it. 








What Is an epidural? 


The science behind blocking pain explained 


n epidural (meaning ‘above the 

dura’) is a form of local 

anaesthetic used to completely 
block pain while a patient remains 
conscious. It involves the careful 
insertion ofa fine needle deep into an 


area of the spine between two vertebrae 


of the lower back. 

This cavity is called the epidural 
space. Anaesthetic medication is 
injected into this cavity to relieve pain 
or numb an area of the body by 
reducing sensation and blocking the 
nerve roots that transmit signals to 
the brain. 

The resulting anaesthetic medication 
causes a warm feeling and numbness 
leading to the area being fully 
anaesthetised after about 20 minutes. 
Depending on the length of the 
procedure, a top-up may be required. 

This form of pain relief has been used 
widely for many years, particularly 
post-surgery and during childbirth. 


3. Anaesthetic 


Through a fine catheter in the 
needle, anaesthetic is carefully 
introduced to the space 
surrounding the spinal dura. 





4. Absorption 
Over about 20 minutes 
the anaesthetic 
medication is broken 
down and absorbed into 
the local fatty tissues. 


6. Processing 

Anaesthetic in the blood is filtered 
out by theliver and kidneys, then 
leaves the body in urine. The effects 
usually wear off a couple of hours 
after the initial injection. 


1. Epidural space 
The outer part of the 
spinal canal, this cavity is 
typically about 7mm 
(0.8in) wide in adults. 











Liver 
Kidney 


Ureter 
2. Epidural needle 


After sterilising the area, a 
needle is inserted into the 
interspinous ligament until 
there is no more 
resistance to the injection 
of air or saline solution. 


Bladder 


5. Radicular arteries 

The anterior and posterior radicular 
arteries run with the ventral and 
dorsal nerve roots, respectively, 
which are blocked by the drug. 
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CURIOUS QUESTIONS 





Know your 


nerve celis 


Take a closer look at the cells that send 
Signals around your body 





some key features in common, but 


depending on their specific role, they also have 
their own specialisms. In fact, there are more 


than 200 different types of neurone. 


Many nerve cells can be broadly divided into 


four categories depending on their shape: 
pseudo-unipolar, bipolar, multipolar, and 


pyramidal. These categories are based on the 
number of spindly extensions that stick out from 
the cell body, the centre of the cell. This contains 


erve cells, or neurones, are the electrical 
wiring of the human body. They all have 





the nucleus, which carries the genetic instruction 
manual, and houses everything the nerve cell 


needs to produce the molecules that do its job. 


The projections link one nerve cell to the next, 


carrying messages in the form of electrical 
signals, and passing them on using chemical 


messengers called neurotransmitters. 


There are two main types of projection. Axons 
are often long and tube-shaped, and carry 
messages away from the cell body, while 


dendrites are more often short and tapered, and 
usually receive signals from other nerve cells. 


Types of NeEUFrONE The main functions of these highly specialised cells 





1 2 3 
Pseudo- Bipolar Multipolar 
unipolar These cells have These cells 


have one long 
projection and 
lots of smaller 
ones. They 
send signals to 
the muscles. 


These cells have 
one projection 
that divides into 
two. The cells 
= often transmit 
o sensory Signals. 


two projections. 
They connect 
one nerve cell 
to the next in 
the brain and 
spinal cord. 
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4 
Pyramidal 
These cells 
have lots of 
branching 
projections. 
They are only 
found in parts 
of the brain. 


5 

Cell body 
The cell body 
is the control 
centre of the 
cell and it 
produces all 
of the proteins 
the cell needs. 


6 

Axon 

There is just 
one axon per 
nerve cell. Its 
job is to carry 
electrical 
signals away 
to other cells. 


7 
Dendrites 
Each nerve cell 
has hundreds 
or thousands 
of dendrites. 
They receive 
signals from 
other cells. 


Why and how 
do we blush? 


lushing occurs when an excess of blood 

flows into the small blood vessels just 

under the surface of the skin. Facial 
skin has more capillary loops and vessels, and 
vessels are nearer the surface, so blushing is 
most visible on the cheeks, but may be seen 
across the whole face. The small muscles in 
the vessels are all controlled by the bodies 
nervous system. 

Blushing can be affected by factors such as 
heat, illness, medicines, alcohol, spicy foods, 
allergicreactions and emotions. Ifyou feel 
guilty, angry, excited or embarrassed, you 
will involuntarily release adrenaline, which 
sends the automatic nervous system into 
overdrive. Your breathing will increase, heart 
rate quicken, pupils dilate, blood will be 
redirected from your digestive system to your 
muscles, and you blush because your blood 
vessels dilate to improve oxygen flow around 
the body; this is all to prepare you for a fight or 
flight situation. The psychology of blushing 
ultimately remains elusive -some scientists 
even believe we have evolved to display our 
emotions, to act as a public apology. 





“Blushing can 
be affected by 
heat, iliness, 
medicines and 
spicy foods" 


What makes 
us faint? 


ainting, or ‘syncope’, isa temporary loss 
of consciousness due to a lack 
of oxygen in the brain. It is preceded 

by dizziness, nausea, sweating and 

blurred vision. 

The most common cause ofa person 
fainting is overstimulation of the body’s 
vagus nerve. Possible triggers of this include 
intense stress and pain, standing up for long 
periods or exposure to something 
unpleasant. Severe coughing, exercise and 
even urinating can sometimes produce a 
similar response. Overstimulation of the 
vagus nerve results in dilation of the body’s 
blood vessels and a reduction of the heart 
rate. These two changes together mean that 
the body struggles to pump blood up to the 
brain against gravity. A lack of blood to the 
brain means there is not enough oxygen for it 
to function properly and fainting occurs. 








DID YOU KNOW? Roughly 10 per cent of people always have tinnitus 


What is tinnitus? 


Find out why your ears ring after a concert 


innitus is asound you can 

hear that isn’t caused by an 

outside source and often 
manifests as a buzzing, ringing, 
whistling or humming noise. One 
of the most common causes of 
tinnitus is exposure to loud noises, 
which is why you will often 
experience a ringing in your ears 
after going to a music concert. 

The loud music can temporarily 
damage the hair cells inside your 
ear and cause your brain to create 
phantom sounds that aren't really 
there. They usually disappear after 
a while, but prolonged exposure to 
loud noises can damage the hair 
cells permanently, resulting ina 
buzzing that never goes away. 
There is currently no cure for this 
type of tinnitus as the hair cells are 
unable to repair or replace 
themselves. Therefore, if you're 
regularly exposed to loud noises, 
it’s important to wear earplugs to 
protect your delicate ears. 

Loud noises are not the only 
cause of tinnitus, though. Other 
factors including a build-up of 
earwax, an ear infection, certain 
medications, a head injury or even 
high blood pressure, can also 
affect the inner workings of your 
ear and cause phantom sounds. 











What's that buzzing? 


How your ears and brain interpret 
real and phantom sounds 


Outer ear 
Sound waves enter the 
ear and pass through 
the ear canal towards 
the eardrum, causing it 
to vibrate. 





Buzzing sound 
When it stops receiving 
electrical signals, the 
brain spontaneously 
fires neurons to create 
phantom sounds. 


Auditory nerve 

The bent hairs create an 
electrical charge, which is carried 
by the auditory nerve to the brain 
and interpreted as sound. 


Middle ear 

The eardrum vibrates 
the ossicles (three tiny 
bones) to amplify the 
sound. The vibrations 
are then passed into 
the cochlea. 











Inner ear 
The vibrations cause 
fluid inside the cochlea 
to move. The fluid then 
rushes over and bends 
hair cells in the cochlea. 


Cochlea damage 
If the hair cells are 
damaged, they stop 
sending electrical 
Signals to the brain. 








When does your 
brain stop growing? 





y the time a child is 
two years old, their 
brain is around 80 per 
cent ofits adult size, but it 
continues to grow right up 
until they reach their 
mid-20’s. However, most of 
this growth is not driven by 
the nerve cells themselves. 
Babies are born with almost 
all of the nerve cells that their 
brains will ever need, and the 
increase in size is mostly 
down to an increase in the 





number of support cells, also 
known as glial cells. 

These fill the gaps between 
nerve cells, and they playa 
vital role in cleaning up 
debris, providing nutrition, 
and physically supporting 
and insulating the neurons in 
the brain. As children develop 
and get older, new 
connections are also made 
between neighbouring nerve 
cells, which contributes to 
brain growth. 





CURIOUS QUESTIONS 





What ts keratin? 


The secret behind some of nature’s toughest materials 


eratin is a protein found in humans and 
animals alike. There are two main types, 
and each has a slightly different 
structure. Alpha keratin, which is the main 
structural component of hair, skin, nails, 
hooves and the wool of animals, has a coiled 
shape, whereas the tougher beta keratin, found 
in bird beaks and reptile scales, consists of 
parallel sheets. Both are composed of amino 
acids - which are the building blocks ofall 
proteins that make up a large proportion of our 
cells, muscles and other tissues. 

The flexibility of the keratin depends on the 
proportion of different amino acids present. 
One particular amino acid, called cysteine, is 
responsible for forming disulphide bridges that 
bond the keratin together and give it its 
strength. The more cysteine the keratin 
contains, the stronger the bonds will be, so 
more can be found in rigid nails and hooves 
than in soft, flexible hair. Incidentally, it’s the 
sulphur within cysteine that creates the strong 
odour of burning hair and nails. 






Orel aha at-liaat-omanlea= 
bonds between amino 
Yoale (ola uatom ©) ge)k=)/a mes ar-lia) 
that makes up keratin 





Alpha keratin 


How this protein makes up your hair 


Alpha helix. ———_--_-$€+p.L + 
Keratin is made of coils of 
amino acids held together 

by peptide bonds to form \/ 


polypeptide chains. y 
Protofibril en + 
Three alpha helices twist ~ 
together to forma ‘ 
protofibril, the first step > 
towards creating a hair fibre. 


Microfibril ————_—__»> 
An 11-stranded cable is 

formed by nine protofibril 

joining together ina 

circle around two more 

protofibril strands. 


Macrofibril 
Hundreds of microfibrils 
bundle together in an 
irregular structure to 
create a macrofibril. 









Hair cell 
These macrofibrils join 
together within hair 
cells, making up the 
main body of the hair 
fibre called the cortex. 


Why does hair get lighter In 
the summer? 


Discover the secret behind why our locks lighten up in the sun 


he effect of sunshine on hair OW % 
The sun actually Jf me 
is the result of ultraviolet Bhanges the chemical SV fan : " 
light. The brown and red structure of the —€ 

tones of skin and hair are caused by ee your hair 

pigments known as melanin. As the 4 


short, high-energy UV wavelengths 
slam into the melanin pigments, 
they oxidise. This actually changes 
their chemical structure and makes 
them colourless. 

In the skin, living cells respond 
to this damage by automatically 
producing more melanin, but there 
are no living cells in hair. Once the 
melanin is gone it cannot be 
replaced, and the result is gradual 
bleaching. Other molecules in hair 
can also be oxidised by UV light and 
as their chemical structure changes, 
it can make hair rough, brittle and 
difficult to manage. 
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What powers your cells? 


Discover how mitochondria produce all the energy your body needs 


itochondria are known as the batteries 

of cells because they use food to make 

energy. Muscle fibres need energy for 
us to move and brain cells need power to 
communicate with the rest of the body. They 
generate energy, called adenosine triphosphate 
(ATP), by combining oxygen with food 
molecules like glucose. 

However, mitochondria are true biological 
multi-taskers, as they are also involved with 
signalling between cells, cell growth and the 
cell cycle. They perform all of these functions 
by regulating metabolism - the processes that 


maintain life - by controlling Krebs Cycle which 
is the set of reactions that produce ATP. 
Mitochondria are found in nearly every cell 
in your body. They are found in most eukaryotic 
cells, which have nucleus and other organelles 
bound bya cell membrane. This means cells 
without these features, such as red blood cells, 
don’t contain mitochondria. Their numbers 
also vary based on the individual cell types, 
with high-energy cells, like heart cells, 
containing many thousands. Mitochondria are 
vital for most life - human beings, animals and 
plants all have them, although bacteria don’t. 


Inside the mitochondria 


Take a tour of the cell’s energy factory 


ATP synthesis 

ATP is the basic energy unit of the cell 
and is produced by ATP synthase 
enzymes on the inner membrane at its 
interaction with the matrix. 


Mitochondrial DNA 
Mitochondria have their 

own DNA and can divide to 
produce copies. 


They are deeply linked with evolution of all 
life. It is believed mitochondria formed over a 
billion years ago from two different cells, where 
the larger cell enveloped the other. The outer 
cell became dependent on the inner one for 
energy, while the inner cell was reliant on the 
outer one for protection. 

This inner cell evolved to becomea 
mitochondrion, and the outer cells evolved to 
form building blocks for larger cell structures. 
This process is known as the endosymbiotic 
theory, which is Ancient Greek for ‘living 
together within.’ 


Phospholipid 











Every mitochondria has 
a double-layered 
surface composed of 
phosphates and lipids. 


membrane 
The outer membrane 


gateway proteins, 
which control passage 
of substances through 


Inner membrane 
This layer contains the 
key proteins that 
regulate energy 
production inside the 
mitochondria, including 


Inter-membrane 


bilayer 


Outer 


en Hg som emt 
1 rh Lae e Tir Sth 
TEITA dtd SN oe 
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eriotreiaes, cbt? 
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contains large 


the cell wall. 


IW/Gi Keyed slop alobat-me)aeronelac 
fuel for everyday 
activities such as exercise 


ATP synthase. 





space 


This contains proteins 
and ions that control 
what is able to pass in 
and out of the organelle 
via concentration 
gradients and ion pumps. 


Cristae 


The many folds of the 
inner membrane 
increase the surface 
area, allowing greater 
energy production for 
high-activity cells. 


Matrix 


The mitochondrial matrix 
contains the enzymes, ribosomes 
and DNA, which are essential to 
allowing the complex energy- 
producing reactions to occur. 
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CURIOUS QUESTIONS 








How anaesthesia works 


By interfering with nerve transmission these special drugs stop pain signals 
from reaching the brain during operations 


naesthetics are a form of drug widely 

used to prevent pain associated with 
surgery. They fall into two main categories: 
local and general. Local anaesthetics can be either 
applied directly to the skin or injected. They are used 
tonumb small areas without affecting 
consciousness, so the patient will remain awake 
throughout a procedure. 

Local anaesthetics provide a short-term blockade 
of nerve transmission, preventing sensory neurons 
from sending pain signals to the brain. Information 
is transmitted along nerves by the movement of 






sodium ions downa carefully maintained 
electrochemical gradient. Local anaesthetics cutoff 
sodium channels, preventing the ions from 
travelling through the membrane and stopping 
electrical signals travelling along the nerve. 

Local anaesthesia isn’t specific to pain nerves, so it 
will also stop information passing from the brain to 
the muscles, causing temporary paralysis. 

General anaesthetics, meanwhile, are inhaled 
and injected medications that act on the central 
nervous system (brain and spinal cord) to inducea 
temporary coma, causing unconsciousness, muscle 
relaxation, pain reliefand amnesia. 

It’s not known for sure how general anaesthetics 
‘shut down’ the brain, but there are several proposed 
mechanisms. Many general anaesthetics dissolve in 
fats and are thought to interfere with the lipid 
membrane that surrounds nerve cells in the brain. 
They also disrupt neurotransmitter receptors, 
altering transmission of the chemical signals that let 
nerve cells communicate with one another. 


Comfortably numb 


If large areas need to be anaesthetised while the 
patient is still awake, local anaesthetics can be 
injected around bundles of nerves. By preventing 
transmission through a section of a large nerve, 
the signals from all of the smaller nerves that 
feed into it can’t reach the brain. For example, 
injecting anaesthetic around the maxillary nerve 
will not only generate numbness in the roof of 
the mouth and all of the teeth on that side, but 
will stop nerve transmission from the nose and 
sinuses too. Local anaesthetics can also be 
injected into the epidural space in the spinal 
canal. This prevents nerve transmission through 
the spinal roots, blocking the transmission of 
information to the brain. The epidural procedure 
is often used to mollify pain during childbirth. 
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The body under general anaesthetic 


What happens to various parts of 
the body when we're put under? Memory 
General anaesthetic affects 
the ability to form memories; 
the patient doesn’t remember 
the operation and often won't 


recall coming to either. 

































Brain activity 

Electroencephalograms (EEGs) 

show that the electrical 

activity in the brain drops to a \ 


state deeper than sleep, 
mimicking a coma. 


Airway 

Loss of consciousness and 
muscle relaxation suppress 
breathing and prevent 
coughing, so a tube and 
ventilator are used to 
maintain the airway. 


Nil by mouth 
General anaesthetics suppress i 
the gag reflex and can cause 
vomiting, so to prevent 
choking patients must not eat 
before an operation. 





Heart rate 

The circulatory system is 
slowed by anaesthetic, so 
heart rate, blood pressure 
and blood oxygen are all 
continuously monitored. 


Pain neurons 
Unlike with local 
anaesthetic, pain 
neurons still fire under 
general anaesthesia, 









but the brain does 

not process the Nausea 

signals properly. Many anaesthetics 
cause nausea. Often 
antiemetic drugs that 
prevent vomiting are 
given after surgery. 


Muscle relaxation ———____ » 
A muscle relaxant is often 

administered with the 

anaesthetic; this causes 

paralysis and enables lower 

doses of anaesthetic to be used. 
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Sinus-pressure relief 


H OW : | __ Decongestants can also be 
, y used to relieve symptoms of 

econgestant fa = 
medicines ex Ly 


The chemicals that combat 
the common cold by 
clearing a blocked nose 


e’ve all had the unpleasant 

experience of suffering froma 

blocked nose that remains 
uncomfortably stuffy. This is one of the biggest 
frustrations of the common cold, but contrary 
to popular belief, a blocked nose is not the 
result of mucus. Instead, it is due to the 
swelling of tissues and blood vessels found in 
the nasal lining and sinuses, which expand 
and obstruct our airways. 

Fortunately, decongestants can come to the 
rescue by providing relief from these 
symptoms. They contain chemicals that bind to 
receptors found in the nose and sinuses and 
cause vasoconstriction - a process where the 
muscles in the walls of the blood vessels 
contract. This reduces the size of blood vessels 
and so counteracts the cause of the blockage by 
reducing swelling. | 

As well as causing the contraction of blood a a ee oy 


* 
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Breathing easy 
Chemicals in the decongestant 
help to reduce swelling in your 
nasal passages. 







Direct delivery 
Many decongestants are 
available as nasal sprays 
to provide faster relief at 
the source of stuffiness. 









vessels, a decongestant called Becongeceints cane 
pseudoephedrine is also capable of relaxing found in nasal sprays as 
smooth muscle tissue in the airways, so you wellts col 

j relief tablets « 
can breathe even easier. . 
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CURIOUS QUESTIONS 





Why do we feel love? 


The hormones and chemicals that cause us to fall head over heels 


8. Deactivate prefrontal cortex 3. Prefrontal cortex 


7. Nucleus The nucleus accumbens then pushes the prefrontal Messages are then sent to the 
accumbens cortex for action, but it deactivates, suspending prefrontal cortex, the brain’s 
Thesecretionor feelings of criticism and doubt. decision-making centre, where it 


judges if the potential romantic 
partner is a good match. 


dopamine stimulates the 
nucleus accumbens, an 
area of the brain that plays 
a vital role in addiction. 

















— | 


~ ss | 


| 





a all 


6. Hormone levels ——— 
As dopamine levels increase, . | 

levels of serotonin, the . : | 
hormone responsible for mood vo : 
and appetite, decrease, | 

causing feelings of obsession. 


2. Hippocampus 
The hippocampus, the 
memory forming area of 
the brain, records this 
pleasant experience 
making you want to seek it 
out again. f 


5. Norepinephrine 
Norepinephrine, another 
neurotransmitter similar to 
adrenalin, is also released, 
which gets your heart racing 
and causes you to sweat. 


4. Hypothalamus 
If the attraction is there, 
the prefrontal cortex 
stimulates the 
hypothalamus, which 


1. Amygdala 
When you see 
someone you like, the 
amygdala, the area of 


9. Deactivate 
amygdala 

The amygdala also deactivates, 
reducing the ability to feel fear 


— 
a 
oe 
= 


and stress and creating a more the brain responsible releases the . 

happy, carefree attitude. for emotions, ae ane tae titer 
recognises it as a dopamine, causing feeling 
positive experience. of ecstasy. 









How do enzymes keep you 


The proteins that speed up your body’s chemical reactions 


trypsin work to help 


nzymes increase the speed of 
reactions that take place inside cells 
by lowering the energy-activation 
requirement for molecular reactions. 
Molecules need to react with each other to 
reproduce, but our bodies provide neither 
the heat nor the pressure required for 
these reactions. 

Each cell contains thousands of 
enzymes, which are amino acid strings 
rolled up into a ball called a globular 
protein. Each enzyme contains a gap 
called an active site into which a molecule 
can fit. Once inside the crack, the molecule 
-which becomes known as a substrate - 
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undergoes a reaction such as dividing or 
merging with another molecule without 
having to expel energy ina collision with 
another molecule. The enzyme releases it 
and floats on within the cell’s cytoplasm. 
The molecule and active site need to match 
up perfectly in order for the sped-up 
reaction to take place. For example, a 
lactose molecule would fit into a lactase 
enzyme’s active site, but not that ofa 
maltase enzyme. 

Interestingly enough, enzymes don’t 
actually get used up in the process, so they 
can then theoretically continue to be able 
to speed up reactions indefinitely. 





break down 
proteins 
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DID YOU KNOW? Despite what TV dramas have you believe, CPR using a defibrillator is rarely successful in real life 








orrectin 
rhythms 





g heart 


How can a little electricity be used to 
fix a heart that’s beating off-kilter? 


















8. Low energy 3. Timing the shock 
Resetting an abnormal The heart is vulnerable when it 
heart beat uses fairly is between beats, so to prevent 
low-energy shocks of just a cardiac arrest, the shock is 
50-200 joules. timed to coincide with the 


6. Natural pacema ker pumping of the ventricles. 


The heart has its own internal 
pacemaker known as the sinoatrial 
node. Delivering a small electric 

shock to this resynchronises the 
organ’s natural electrical activity. 


BEFORE CARDIOVERSION & 


4. Arrhythmia 


If the heart beats too fast, or 
at an irregular pace, it 
becomes unable to 
effectively pump blood 





5. Electric shocks Soo ne Ody. 

Low-energy electric shocks . LO 

are delivered to the heart LN - . - . . 
yer |. Paddles Atrial fibrillation 


through the electrodes. Two metallic plates are 


placed on the patient’s 
chest across the heart. 





AFTER CARDIOVERSION 


7. Cardioversion 
machine 

The machine records the 
electrical activity of the 
heart and calculates the 
electric shocks required 
to restore the organ to 
its normal rhythm. 


~~ 2. Conductive gel 
~~ Asaltwater-based gel is 


_ used so the current can 
travel from the electrodes 
and through the skin. 












Do women have 
Adam’s apples? 


Y= maynotrealise,but thevoice box. Thyroid 


Why’s salt 
bad for 
the heart? 


S 


actually everyone has cartilage is shield-shaped 

an Adam’s apple, but ebelommelswaver.beekcr-y0)0) (cp icmaels 
men’s are usually easier to loyimclmaelspeceyelm 
see in their throat. It’sa Why do men’s Adam’s 
bump ontheneckthatmoves  applesstick out more? Thisis 
when you swallow, named partly because they have 
after the biblical Adam. bonier necks, but it is also 
Supposedly, it’s a chunk of because their larynxes grow 
the Garden of Eden’s differently from women’s 
iKeyae)Cololyepeaeliminblec@newelts ohebabetemelelelanyace 
descendants’ throats, but it’s accommodate their longer, 
actually a bump onthe thicker vocal cords, which 
thyroid cartilagesurrounding givethem deeper voices. 


imply put, too much salt is 
bad for you as it increases 
the demand on your heart to 
pump blood around the body. This 
is because when you eat salt it 
causes retention of increased 
quantities of water, which 
increases your blood pressure, and 
this places more strain on your 
heart. Most doctors recommend 
moderating salt intake. 
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|} CURIOUS QUESTIONS 






What causes 
arumbling — [| 
stomach?.._—| 


Discover how the small 
intestine is really to blame... 


aves of involuntary muscle contractions | 
W called peristalsis churn the food we eat Stomach 
to soften it and transport it through the jess ee Laas eT 
digestive system. The contractions are caused by neh iene 
; ; juices to help it to 
strong muscles in the oesophagus wall, which take breaiedoun. 
just ten seconds to push food down to the stomach. 
Muscles in the stomach churn food and gastric 
juices to break it down further. 
Then, after four hours, the semi-digested 
liquefied food moves on to the small intestine 
where yet more powerful muscle contractions 
force the food down through the intestine’s bends 
and folds. This is where the rumbling occurs. Air 
from gaseous foods or that swallowed when we eat 
- often due to talking or inhaling through the nose 
while chewing food - also ends up in the small 
intestine, and it’s this combination of liquid and 
gas inasmall space that causes the gurgling noise. 
Rumbling is louder the less food present in the 
small intestine, which is partly why people 



























Oesophagus 
This muscular pipe 
connects the throat 
to the stomach. 








associate rumbling tummies with hunger. The Large intestine 
other reason is that although the stomach may be Food passes from the 
clear, the brain still triggers peristalsis at regular small intestine to the 
intervals to rid the intestines of any remaining ee ee 
food. This creates a hollow feeling that causes you eee ene: 
to feel hungry. 
TT 

Afte [ fou [ Small intestine 

: Here, liquid food 

A O L] [ S , th eC S P [T) | = combined with trapped 


gases can make for some 


digested liquefied — marasinemise: 
food moves to the 
small intestine 





Are seasickness and altitude 
sickness the same thing? 


No, they’re not - altitude sickness is a collection Thegated ommes lolol bim=Basleniabatemsvenispceeventsvelmenieya 
of symptoms brought on when you're suddenly instance, when your eyes tell you that your 


exposed to a high-altitude environment with immediate surroundings (such asa ship’s 
lower air pressure, so less oxygen enters our cabin) are still as a rock, while your sense of 
body. The symptoms can include a headache, balance (and your stomach!) tells you something 
fatigue, dizziness and nausea. quite different. 
Seasickness, on the other hand, isa more This is the reason why closing your eyes or = 
general feeling of nausea that’s thought to be taking a turn out on deck will often help, as it <a 7 
caused when your brain and senses get ‘mixed reconciles the two opposing sensations. a eae 
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DID YOU KNOW? Writers’ cramp occurs in the hands and lower arms but is actually a form of dystonia, g neurological condition 








What are blisters? 


Why do burns cause bubbles to develop below the surface of the skin? 


Though our skin is an amazing protector against = 
the elements, it can become damaged by such Blister caused by 
second-degree bums 


factors as heat, cold, friction, chemicals, light, 
electricity and radiation, all of which ‘burn’ the 
skin. A blister is the resulting injury that develops 
in the upper layers of the skin. 

The most common example ofa blister, which 
we've no doubt all experienced at some time, is due 
to the repeated friction caused by the material ofa 
pair of shoes rubbing against, and irritating, the 
skin. The resulting water blister is a kind of 
plasma-filled bubble that appears just below the 
top layers of your skin. The plasma, or serum - 
which is a component of your blood - is released by 
the damaged tissue cells and fills the spaces 


Plasma 

Serum is released by the damaged 
tissues into the upper skin layers to 
prevent further damage below in the 
epidermal layer. It also aids the 
healing process, which is why you 
should avoid popping your blisters. 
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Skin 


When any type of burn is 


between the layers of skin to cushion the 
underlying skin and protect it from further damage. 
As more and more serum pours into the space, the 


experienced, the overlying skin 
expands as it receives the 
protective plasma/serum. 


skin begins to inflate under the pressure, forming a 
small balloon full of the serous liquid. Given time to 
heal, the skin will reabsorb the plasma after about 
24 hours. 

Similarly, a blood blister is a variation of the 
same injury where the skin has been forcefully 
pinched or crushed but not pierced, causing small 
blood vessels to rupture, leaking blood into the 
skin. All blisters can be tender but should never be 
popped to drain the fluid as this leaves the 
underlying skin unprotected and invites infection 
into the open wound. 


How a 
bruise forms 


The colour-changing contusions caused 
by knocks and bumps 










Damage 

This particular example of a blister burn 
has caused damage to the keratinocytes 
in the skin. Second-degree burns are 
most often caused when the skin comes 
into contact with a hot surface, such as 
an iron or boiling water, or even after 
exposure to excessive sunlight. 


Fluid reabsorbed 

After a day or so the serum will be 
absorbed back into the body and the 
raised skin layers will dry out and flake 
off in their own time. 


Underneath the surface 


How a blow to the skin can 
leave you bruised 





Swelling 
Sometimes the blood 
can pool underneath 
your skin, causing it to 
rise and swell. 





Burst blood vessels 

The force of an impact causes tiny 
blood vessels, called capillaries, 
under the skin to break. 


hether it’s a nasty fall or an accidental encounter with the 
edge ofa table, the evidence of your mishaps can often 
stay with you for weeks in the form ofa bruise. These 
contusions of the skin are caused by blood vessels bursting beneath 
the surface, resulting in a colourful mark that is tender to the touch. 


"As gd bruise starts to heal, it puts 
onan impressive colour display” 


To minimise bruising after an injury, itis best to put an ice pack on 
the affected area. The cold will reduce blood flow to that area, 
limiting the amount that can leak from the blood vessels. 

Luckily our bodies are pretty good at repairing themselves and as 
a bruise starts to heal, it puts on an impressive colour display. After 
two to three weeks of changing from red to blue, then green, yellow 
and finally brown, it will disappear completely. 

However, ifa bruise doesn’t fade, then your body may have 
blocked off a pool of blood beneath the skin, forming what is known 
as a haematoma. 





A bruise is caused by 
» © «blood vessels bursting 
beneath your skin 


Fading bruise 
Gradually your body breaks 
down and reabsorbs the 
blood, causing the bruise 
to disappear. 


Leaking blood 

The blood inside the capillaries leaks 
into the soft tissue under your skin, 
causing it to become discoloured. 
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Do we control our brains or 
do our brains control us? 


n experiment atthe 

Max Planck Institute, 

Berlin, in 2008 showed 
that when you decide to move 
your hand, the decision can be 
seen in your brain, withan 
MRI scanner, before you are 
aware you have madea 
decision. The delay is around 
six seconds. During that time, 
your mind is made up but your 
consciousness doesn’t 
acknowledge the decision 
until your hand moves. One 
interpretation of this is that 
your consciousness - the thing 
you think ofas ‘you’ -isjusta 


Gelotology is the study 
oflaughter andits 
effects on the 
Jarbbant-bemexeyenys 
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passenger inside a 
deterministic automaton. Your 
unconscious brain and your 
body get on with running your 
life, and only report back to 
your conscious mind to 
preserve a sense of free will. 
But it’s just as valid to say that 
when you make a decision, 
there’s always background 
processing going on, which the 
conscious mind ignores for 
convenience. In the same way, 
your eye projects an upside- 
down image onto your retina, 
but your unconscious brain 
turns it the right way around. 









DID YOU KNOW? It Is highly likely that pirates wore eye patches to condition their eye to see better in the dark 





What is the maximum 
distance the human 
eye can see? 


ust, water vapourandpollutionin MtEverest, you could theoretically see 

the airwillrarelyletyouseemore — for339km, but in practice cloud gets in 

than 20 kilometres,evenonaclear the way. Fora truly unobstructed view, 
day. Often, the curvature of the Earth look up. Ona clear night, you can see the 
gets in the way first - eg at sea level, the Andromeda galaxy with the naked eye, 
horizon is only 4.8kmaway.Onthetopof whichis2.25 million light years away. 





(O)bsabbelcoyasyesd olmersDomel-paslelcvelcvonenys 
many things, from pollution to the 
curvature ofthe Earth 





What is dandruff? 


andruff is when dead skin cells fall off the scalp. This is 
normal, as our skin is always being renewed. About 
half the population of the world suffers from an 








excessive amount of this shedding, which can be triggered by 
things like temperature or the increased activity ofa 
microorganism that normally lives in everyone's skin, known 
as malassezia globosa. Dandruff is not contagious and there 
are many treatments available, the most common is 
specialised shampoo. 





(OP se) coy ereyae) 





Why do eyes 
take a while to 
adjust to dark? 


tthe back of the eye on the retina, there are two 

types of photoreceptors (cells which detect 

light). Cones deal with colour and fine detail 
and actin bright light, while rods deal with vision in 
low-light situations. In the first few minutes of moving 
into a dark room, cones are responsible for vision but 
provide a poor picture. Once the rods become more 
active, they take over and create a much better picture 
in poor light. Once you move back into light, the rods are 
reset and so dark-adaption will take a few moments 
again. Soldiers are trained to close or cover one eye at 
night when moving in and out ofa bright room, or when 
using a torch, to protect their night vision. Once backin 
the dark, they reopen the closed eye with the rods still 
working and, as aresult, maintain good vision. This 
allows them to keep operating in a potentially hostile 
environment at peak operational efficiency. Give it a try 
next time you get up in the middle of the night, it may 
help you avoid tripping over in the dark. 
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| } CURIOUS QUESTIONS 


Allergies can be a real 
nuisance in people’s lives, 
but they can be controlled 





llergies can be caused by 
two things: host and 
environmental factors. 
Host is if you inherit an allergy 
from your parents or are likely to 
get it due to your age, sex or racial 
group. Environmental factors can 
include things such as pollution, 
epidemic diseases and your diet. 
People who are most likely to 
develop allergies have a condition 
known as ‘atopy’. Atopy is notan 
illness but an inherited feature, 
which makes individuals more 





gs ‘atopy 


Why do some people 
have allergies and 
some don’t? 


likely to develop an allergic 
disorder. Atopy tends to run 
in families. 

The reason why atopic people 
have a tendency to develop 
allergic disorders is because they 
have the ability to produce the 
allergy antibody called 
‘Immunoglobulin E’ or ‘IgE’ 
when they come into contact with 
a particular substance. However, 
not everyone who has inherited 
the tendency to be atopic will 
develop an allergic disorder. 


“People who are likely 
to develop allergies 
have a condition known 


MM alswebkciesbesbbelspheleast-lr= 
can cause itching, 











Eczema explained 


What causes the skin to react to otherwise harmless material? 


leading to open sores 


Wide, J 


czema is a broad term for a range 

of skin conditions, but the most 

common form is atopic 
dermatitis. People with this condition 
have very reactive skin, which mounts 
an inflammatory response when in 
contact with irritants and allergens. 
Mast cells release histamine, which 
can lead to itching and scratching, 
forming sores open to infection. 

There is thought to be a genetic 
element to the disease anda gene 
involved in retaining water in the skin 
has been identified as a potential 


contributor, but there are many factors. 


Eczema can be treated with steroids, 
which suppress immune system 
activity, dampening the inflammation 
so skin can heal. In serious cases, 
immunosuppressant drugs - used to 
prevent transplant rejection - can 
actually be used to weaken the 
immune system so it no longer causes 
inflammation in the skin. 


152 


Under the skin 


What happens inside the body when eczema flares up? 


Ceramides 
The membranes of skin cells contain waxy lipids 
to prevent moisture evaporation, but these are 
often deficient in eczema. 


Allergen ——»> pd * of 
Eczema is commonly . . | * 
triggered by the same 

things as many allergies 

- anything from pet hair to 
certain types of food. 
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Water loss 
The skin is less 
able to retain 
water, leading to 
dryness and eB & 
irritation. 
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Allergen 

entry route 

The cells of the skin are 
normally tightly bound 
together to prevent 
contaminants from 
entering the body, but in 
eczema there are gaps. 








i Inflammatory 
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response 

The immune system 
produces a response to 
allergens beneath the skin, 
leading to redness, itching 
and also inflammation. 


© Alamy; J Kadavoor; Thinkstock 





It turns out that growing 
pains don’t have much to do 
with growth after all 


What are 
growing 
pains? 


T he medical name for growing 
pains is ‘recurrent nocturnal 
limb pain in children’, and it 
describes the sensation of aching, 
crampy pain most often felt at night in 
the lower half of the legs. 

(Cab Olcbgasem-balomeyacinc\-valce-Bacmeyan-emne)lel 
that they experience these aches and 
pains because they are growing, but this 
is untrue. If the pain really were caused 
by growth itself, doctors would expect to 
be visited by children that were going 
debae)vrcdem- Bosco \anensjelesaemelelmaela-neleras 
not seem to be any link between periods 
of rapid bone growth and experience of 
‘growing pains’. 

The pain is not in the bones or joints 
but is actually in the muscles and soft 
tissues, and one of the best explanations 
is that the pain is the result of strain or 
overuse of the muscles and joints during 
the day. 








Why can we see 
clearer when 
we squint? 


t doesn’t work for everyone, but for some people 

things come into focus when they half close 

their eyes. This is because of the way that the 
eye focuses light. 

A flexible lens bends the light as it passes into 
the eye, focusing it ona highly sensitive spot on 
the retina, called the fovea. The lens changes 
shape depending on the distance to the object, 
ensuring that the light is always concentrated on 
this spot. 

As we get older, the lens becomes less flexible 
and cannot focus the light as well. By half closing 

Kel iaidiavemer-lamar-lio ne 7 == our eyelids, we can put a little pressure on our 
Seite oe Ws | eyeballs, changing their shape manually and 
helping to bring the light into focus. 















































CURIOUS QUESTIONS 













How do alveoli 
help you breath 


The lungs are filled with tiny balloon-like 


sacs that keep you alive 


as exchange occurs in the lungs, where toxic 

gases (carbon dioxide) are exchanged for 

fresh air with its unused oxygen content. Of 
all the processes in the body that keep us 
functioning and alive, this is the most important. 
Without it, we would quickly become unconscious 
through accumulation of carbon dioxide within the 
bloodstream, which would poison the brain. 

The two lungs (left and right) are made up of 

several lobes, and the fundamental building 
blocks of each are the tiny alveolus. They are 
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blood arrives 
One cell thick 

The alveolus wall is just one 
cell thick, separated from the 
blood capillaries by an equally 
thin basement membrane. 
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Alveoli anatomy 


How alveoli enable gas exchange 


Deoxygenated 


The capillary veins bring 
deoxygenated blood from the 
right side of the heart, which 
has been used by the body 
and now contains toxic CO.,. 


the final point of the respiratory tract, as the 
bronchi break down into smaller and smaller 
tubes, leading to the alveoli, which are grouped 
together and look like microscopic bunches of 
grapes. Around the alveoli is the epithelial 
layer - whichis amazingly only a single cell 
thick - and this is surrounded by extremely 
small blood vessels called capillaries. It is 
here that vital gas exchange takes place 
between the fresh air in the lungs and the 
deoxygenated blood within the capillary 


Type | pneumocytes 
These large, flattened cells form 
95 per cent of the surface area of 
an alveolus, and are the very thin 
diffusion barriers for gases. 





Type Il 
pneumocytes 
These thicker cells 
form the remaining 
surface area of the 
alveoli. They secrete 
surfactant, which 
prevents the thin 
alveoli collapsing. 


Oxygenated blood 
The freshly oxygenated 
blood is taken away by 
capillaries and enters the 
left side of the heart, to 
be pumped through 
the body. 


Macrophages 
These are defence 
cells that digest 
bacteria and particles 
present in air, or that 
have escaped from the 
blood capillaries. 


venous system on the other side of the 
epithelial layer. 

The alveoli of the lungs have evolved to 
become specialised structures, maximising 
their efficiency. Their walls are extremely thin 
and yet very sturdy. Pulmonary surfactantisa 
thin liquid layer made from lipids and proteins 
that coats of all the alveoli, reduces their 
surface tension and prevents them crumpling 
when we breathe out. Without them, the lungs 
would collapse. 


Breathe in, 
breathe out 


aM arew-lhVcxe)| alla verde) ameem-li (ei meres 
exchange, but since they’re so 
small, they can’t move new air 
Taksile(ow-]ale mele) mige)anmual- eleyeny, 
without help. That’s what your 
respiratory muscles and ribs do, 
hence why your chest moves as 
you breathe. The diaphragm, 

AV] (ea mo} | bom 0-1 (@)V,VAAY0l0] au alct-] a mr-lale 
[UT ave}om 016) m=] ofe)/-mvZo)0] ar-] ele (o)aaliar-] 
organs, is the main muscle of 
respiration. When it contracts, the 
late)a nate] iNmece)aalctecjar-] elevemelt-]e)ale-lelanl 
flattens and the space within the 
chest cavity expands. This 
reduces the pressure compared to 
the outside atmosphere, so air 
gUssiavexcm la Pn A'aalelamual=melt-] e)ale-lelan| 
relaxes, it returns to its dome 
shape, the pressure within the 
chest increases and the old air - 
late) AAU] | Mo)im=).40)|n=10 Mor-] a ele)amel (ey <(e(= 
- is forced out again. The muscles 
between the ribs (called 

Tal ke) qexeysitr-] pal UisYe1 (21-) - | a= [ovale 
when forceful respiration is 
required, such as during exercise 
ATavae-ldlarem-me(=1-) om o)a-y-lua-lare 
observe how both your chest 
expands to reduce the pressure! 
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DID YOU KNOW? More than go per cent of migraine sufferers cannot function during an attack 





How do dilatin 
eye drops work? 


Discover how they are used to diagnose 


and treat eye conditions 


ight is one our most important senses, so 
maintaining good eye healthis 
absolutely essential. However, eyesight 
problems can be difficult to detect or treat on 
the surface, so specialist eye doctors will 
often use dilating eye drops in order to geta 
better look inside the eye at the lens, retina and 
optic nerve. 

The drops contain the active ingredient 
atropine, which works by temporarily relaxing 
the muscle that constricts the pupil, enabling it 
to remain enlarged for a longer period of time 
so a thorough examination can be performed. 
Some dilating eye drops also relax the muscle 
that focuses the lens inside the eye, which 
allows an eye doctor or optometrist to measure 
a prescription for young children who can't 
perform traditional reading tests. 

Dilating eye drops are not only used to help 
perform procedures, they may also be 
administered after treatment, as they can 
prevent scar tissue from forming. They are also 
occasionally prescribed to children with 
lazy-eye conditions, as they will temporarily 
blur vision in the strong eye, causing the brain 
to use and strengthen the weaker eye. 





hose who suffer from 
migraines know they area 












Before and after 


A better look inside the eye 


Ofeyaide-ledccvemeleley]| 
AWoxe) ai ug- (ei k=vem 0) 6) ey] ANI 
FJ) ofey-]auanlecolamsyaar-li(cie 
relate m(sim (stom le] nimi aleommals 
eye, which makes it 
difficult to see the retina 
FValemo)o)d(omalclaem [ascyie (se 


Optic nerve 

a iat=me)o)i (om al-lavi-Mer-la gles 
rel{ctoada ore] laalelelXcsomiaelan 
the retina to the brain, 


Vial Colamealslamialcslae)cciecmualslan 


as viSual images. 


subsiding after the sufferer has been 
sick (vomited). 


Dilated pupil 
Dilating eye drops will 
temporarily paralyse the 
muscle that constricts 
the pupil, which means 
datemoleloy MU imaclaatelin 

fol] Felustomce)auanll (eva (elale(ia 


Retina 

This light-sensitive tissue 
oroyahvi=) auc larexe)aaliaremiiejaue 
Tal mem=) (=\oul a(or-] Mian] el0)is\=1" 
These impulses are then 
sent to the optic nerve. 











constant concern as they are 
liable to strike at any time. Essentially, 
amigraine isan intense pain atthe 
front or on one side of the head. This 
usually takes the form ofa heavy 
throbbing sensation and can last as 
little as an hour or two and up toa few 
days. Other symptoms ofa migraine 
include increased sensitivity to light, 
sound and smell, so isolation ina dark 
and quiet room often brings relief. 
Nausea and vomiting is also often 
reported, with pain sometimes 


Itis thought that migraines occur 
when levels of serotonin in the brain 
drop rapidly. This causes blood 
vessels in the cortex to narrow, which 
is caused by the brain spasming. The 
blood vessels will then widen again in 
response, causing the intense 
headache. Emotional upheaval is 
often cited asa cause for the drop in 
serotonin inthe brain, asisa dietin 
which blood-sugar levels rise and fall 
dramatically. Keeping stress levels 
low and eating healthily can help. 


_ 

















f- = 


ji 





Our eyes need good 
care to stay healthy 


Ste me)im celal 

The size of the pupil will determine 
how much light enters the eye. 
DYiFelc=loM ole] e)i scm (cial lamante)acmilelalemuualionn 
means you Can see a larger portion 
of the retina and optic nerve. 


The lens 

It is positioned behind the pupil 
FTalol aie)| osomcelel0 (om fe] simme) gino mnal= 
retina. Some dilating eye drops 
relax the muscle around it to 
prevent the lens from focusing. 
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CURIOUS QUESTIONS 








Whatare 
‘pins and 
needles’? 


he numb sensation of your leg ‘going to 
| sleep’ isn’t caused by cutting off the 
blood circulation. It’s actually the 
pressure on the nerves that is responsible. This 












squeezes the insulating sheath around the Sere “ek, 
nerve and ‘shorts it out’, blocking nerve ——— a ee ~ 
transmission. When pressure is released, the gp i ll 7% < 
nerves downstream from the pinch point wn ’ 


suddenly all begin firing at once. This jumble of 
unco-ordinated signals is a mixture of pain and 
touch, hot and cold all mixed together, which is 
why it’s excruciating. 


“This squeezes the 
insulating sheath 
ground the nerve and 
‘Shorts it out’” 


Why do 


paper 
cuts hurt 
so much? 


aper can cut your skin as it 
- is incredibly thin and, if 

you were to look at it 
under a high-powered 
microscope, it has serrated 
edges. Critically though, a sheet 
of loose paper is far too soft and 
flexible to exert enough pressure 
to pierce the skin, hence why 
they are not a more frequent 
occurrence. However, ifthe 
paper is fixed in place - maybe 
by being sandwiched withina 
pack of paper -asheet can 
become stiff enough to attain 
skin-cutting pressure. Paper 
cuts are so painful once inflicted 
as they stimulate a large number 
of pain receptors - nociceptors 
send nerve signals to the spinal 
cord and brain -inavery small 
area due to the razor-type 
incision. Because paper cuts 
tend not to be deep, bleeding is 
limited, leaving pain receptors 
open to the environment. 
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q result of nerves that 
_ * have been prevented 
a om sending signals 


| ia pring all at once 





Are there other ‘funny 
bones’ in the body? 


he term ‘funny bone’ is misleading because it 
refers to the painful sensation you experience 


when you trap your ulnar nerve between the 

skin and the bones of the elbow joint. This happensin 
the so-called cubital tunnel, which directs the nerve 
over the elbow but has little padding to protect against 
external impacts. The ulnar nerve takes its name from 
the ulna bone, which is one of two bones that runs 
from the wrist to the elbow; the other is the radial bone, 
or radius. 

No other joint in the human skeleton combines these 
conditions and duplicates the this erroneously named 
reaction so we only have one ‘funny bone’. 





ache? 


ormally, when our muscles contract they 

shorten and bulge, much likea 

bodybuilder’s biceps. However, ifthe 
muscle happens to be stretched as it contracts it 
can cause microscopic damage. 

The quadriceps muscle group located on the 
front of the thigh is involved in extending the knee 
joint, and usually contracts and shortens to 
straighten the leg. However, when walking downa 
steep slope, say, the quadriceps contract to 
support your body weight as you step forward, but 
as the knee bends, the muscles are pulledin the 
opposite direction. This tension results in tiny 
tears in the muscle and this is the reason that 
downhill running causes so much delayed-onset 
muscle pain. 

Atthe microscopic level, a muscle is made up of 
billions of stacked sarcomeres, containing 
molecular ratchets that pull against one another to 
generate mechanical force. Ifthe muscle is taut as 
it tries to contract, the sarcomeres get pulled out of 
line, causing microscopic damage. The muscle 
becomes inflamed and fills with fluid, causing 
stiffness and activating pain receptors — hence that 
achy feeling you get after unfamiliar exercise. 





The leptin (LEP) 
gene was originally 
discovered whena 
e-becoleycemasnelrcna level 
occurred in mice, 
making them put 


Why do our muscles 


Learn what causes stiffness and pain in our muscles 
for days after exercise 


Weight lifting and the body 


What happens to your biceps when you pump iron? 


Pain 

The soreness associated 
with exercise is the result of 
repetitive stretching of 
contracted muscles. 






Straightening A \ /) 
As the arm straightens out, the ~~ ~ cs ar) 
biceps are stretched, but the ~~ “ 4 ey \ 
weight is still pulling down on the — rh mt 

; wig ir 
hand, so the muscles remain partly ~L % = cpt 


contracted to support it. 


The fat 








Bending 

Normally when the biceps 
muscle group contracts it 
shortens, pulling the forearm 
towards the shoulder. 


Stretching 

As the muscle tries to contract, 
the weight pulls in the opposite 
direction, causing microscopic 
tears within the muscle cells. 


hormone 


Discover how the body manages to 
keep track of its energy reserves 


on weight €¢ 


to eat, the human body needsa 

way of assessing how much 
energy it currently has in storage. 
Leptin - more commonly known as 
the ‘fat hormone’ - essentially acts 
as our internal fuel gauge. It is made 
by fat cells and tells the brain how 
much fat the body contains, and 
whether the supplies are increasing 
or being used up. 

Food intake is regulated bya 
small region of the brain called the 
hypothalamus. When fat stores run 
low and leptin levels drop, the 
hypothalamus stimulates appetite 
in an attempt to increase food 


: 10M0) a6 (=) KOM eaten iim aleliimelelelemcererel 


intake and regain lost energy. 
When leptin levels are high, 
appetite is suppressed, reducing 
food intake and encouraging the 
body to burn up fuel. 

It was originally thought that 
Kejolabemere leu (om orcmbrci-\om-toe-meacr-ineelsvelt 
for obesity. However, although it is 
ebemeeelolevan-belmacravlt-ineymeymrelelel 
intake, our appetite is affected by 
many other factors, from how full 
the stomach is to an individual's 
emotional state or their food 
preferences. For this reason, it’s 
possible to override the leptin 
message and gain weight even 
when fat stores are sufficient. 











Why do my 
knuckles 





Why do the 


upper arm 
wWisd crack more 
and upper when it’s 


: leg have cold? 





Nae 


fn: 
: 
O Nn y O Nn eC n2015,researchersatthe your knuckles again, you 
, University of Alberta, have to wait for the bubble 
4 Canadashowedonceand _ todisappear. The 
y O in e = for all that the cracking researchers didn’t look at 
sound made in finger joints the effect of climate, but it 
~ is down to the formation of could be that something 
Seren a ae Hea ste bubbles. As you pull, the about the cold effects the 
left us with the ability to perform surfaces of the joint come behaviour of the fluid in 
incredibly complex tasks without even apart and acavity appears your joints, which helps the 
thinking about them. There are several in the fluid between. This bubbles to disperse even 
makes the noise. To crack more rapidly. 


different types of joint between bones in your 
body, which reflect their function; some are 
strong and allow little movement, others are 
weak but allow free movement. The forearm 
and lower leg have two bones, which form 
plane joints at the wrist and ankle. This 
allows for a range of fine movements, 
including gliding and rotation. The hinge 
joints at your elbows and knees allow for less 
lateral movement, but they are strong. 
Shoulders and hips, are ball-and-socket 
joints, allowing for a wide range of motion. 















MRI scans revealed the real cause of cracking knuckles 





How does stress 
affect the body? 


he hypothalamus is a small structure that sits in the middle of 

the brain. It makes two key chemicals that kick-start the stress 

response: corticotropin-releasing hormone and vasopressin. 
Corticotropin-releasing hormone, as the name suggests, triggers the 
release of asecond chemical called corticotropin. This travels in the 
bloodstream to the adrenal glands, which sit on top of the kidneys, 
and signals for them to make the steroid hormone cortisol. 

Cortisol is also known as the ‘stress hormone’, and it has effects all 
across the body. It helps to return systems to normal during times of 
stress, including raising blood sugar, balancing pH and suppressing 
the immune system. Vasopressin also travels in the blood to the 
kidneys, but its function is slightly different. It increases the re- The hypothalamus is the _ 
uptake of water, decreasing the amount of urine produced and control centre of the stress 
helping the body to hold on to the reserves that it has. response in the brain 
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What causes | 
insomnia? 


Why checking your phone before bed could 


be spoiling your sleep 


ost of us experience insomnia at 

some point in our lives, finding it 

difficult to drift off and stay asleep, 
despite having plenty of opportunity to. 
Typical causes of insomnia include stress 
and anxiety, but did you know that your 
gadgets could be to blame, too? 

Our sleepiness and wakefulness 
throughout the day and night is regulated by 
our circadian rhythm. This is essentially our 
body clock, creating physical, mental and 
behavioural changes that occur in our 
bodies over a roughly 24-hour cycle. 
Circadian rhythms are found in most living 
things, including animals, plants and many 
tiny microbes, and they are created by 
natural factors in the body. However, they 
also respond to signals from the 
environment, such as light, so that we 
remain in sync with the Earth’s rotation. 

All forms of light, both natural and 
artificial, affect our body clock, as when the 
photosensitive retinal ganglion cells in our 
eyes detect light, they send this information 
to the suprachiasmatic nucleus (SCN). When 
light is detected, the SCN will delay the 
production of melatonin, a hormone that 
sends us to sleep. However, the retinal 
ganglion cells have been found to be 
particularly sensitive to the blue light witha 
short wavelength of 480 nanometres 
emitted by most computer, smartphone and 
tablet screens. Exposure to a lot of this type 
of light in the hours before we go to bed has 
been proven to suppress melatonin levels, 
making it difficult for us to get to sleep. 


— 





Light sensitivity 


How light affects your ability to sleep 


The ganglion layer 
The retina of the eye contains a 
layer of photosensitive ganglion 
cells, which contain a 
photopigment melanopsin, 
called the ganglion layer. 






Pineal gland 


es 





} 

Light \ 
sensitivity 

Melatonin 
Suprachiasmatic nucleus Optic nerve When the photosensitive ganglion 
The suprachiasmatic nucleus is a tiny The photosensitive ganglion cells cells detect darkness, a message 
area of neurons, located in the have long fibres that connect to is sent to the pineal gland to 
hypothalamus area of the brain, which the optic nerve and eventually produce melatonin, a hormone 
controls circadian rhythms. reach the suprachiasmatic nucleus. that can cause drowsiness. 
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